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Abstract: 


The properties and construction procedures associated with integrated 
Regular End-keepers and Regular Mid-keepers are discussed in some detail. 
Pictorial drawings of the various construction steps for most of the Examples 
dealt with are shown, in addition to their grid-diagram representations. 
General string-run diagrams are provided in which are indicated the valid 
values of the governing parameters for the most commonly encountered End- 
and Mid-keepers. 
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INTRODUCTION 


Braiding projects consist, in most cases, of one or more “braid-forms”. For example, 
a braid-form can be a simple Regular Flat Braid, it can be a braided knot, etc. Often, 
some of the various braid-forms in a project have to be ‘adjusted’ size-wise in order to 
achieve the proper fits. Even the braiding material used demands, in most cases, some 
‘adjustments’ to the braid-forms in order to obtain an overall satisfactory result. It is 
therefore important that a braiding artisan is thoroughly familiar with the properties 
and construction methods of various braid-forms. 


In this part of Pamphlet No.10 we shall discuss in some detail the properties and 
construction methods of integrated Regular End-keepers and Mid-keepers. The pictorial 
drawings on the front cover clearly show what these braid-forms look like: the left-hand 
drawing shows an integrated Regular End-keeper, and the right-hand drawing shows 
an integrated Regular Mid-keeper. These end-keepers and mid-keepers should not be 
confused with their “bush” counter parts. The “bush” end-keeper is an end-keeper 
constructed at the end of a braiding stage, whereas a proper end-keeper is constructed 
at the beginning of a braiding stage. Hence with a “bush” end-keeper, one has to work 
away the ends of the braiding-strings near such an end-keeper, while this is not the 
case with a proper integrated end-keeper. A “bush” mid-keeper is braided from one or 
more strings which do not take part in the adjoining braid-work. A proper integrated 
mid-keeper on the other hand is an integral part of the adjoining braid-work. In good 
braid-work of a high standard, such “bush” end-keepers and mid-keepers should have 
no place. 


In this Pamphlet use is made of various concepts which have been discussed in 
previous Pamphlets, and hence when the reader is not conversant with them, he or she 
must refer to these earlier publications. In all calculation procedures associated with 
braiding, modular arithmetic plays a major role, and consequently it is assumed that the 
reader is proficient in it. If this is not the case, then the relevant chapter in Pamphlet 
No.7 entitled “Some Braiding Mathematics” should first be studied thoroughly. No 
braider will be able to advance to the craftsman’s stage without a proper understanding 
of this important braiding-tool. 


As is the case with all our publications, the contents of this one require serious 
study, and hence this Pamphlet is aimed at those braiders whose desire it is to become 
braiding artisans. In order to improve the presentation of the material discussed, we 
would appreciate comments and suggestions; but we ask the reader to bear in mind that 
concepts fully treated in earlier publications cannot be dealt with again. 


REGULAR END-KEEPERS 


A regular end-keeper is a Regular Cylindrical Braid with p-parts and b-bights, 
which at one of the bight-boundaries goes over into a Flat Braid. If the Flat Braid 
has 2x parts (hence isa 2x lead Flat Braid), then the transition between the Regular 
Cylindrical Braid and the Flat braid is at « adjacent “bight-points” on one of the 
bight-boundaries of the Regular Cylindrical Braid. Hence such a regular end-keeper is 
an x-string Regular Cylindrical Braid in which the starting-points and end-points of 
the «-strings fallin « adjacent “bight-points”. It will therefore be obvious that the 
g.c.d. (greatest common divisor) of the parts and bights of a regular end-keeper for a 
2x -part (2¢-lead) Flat Braid must be equal to or less than x. This can readily be 
seen in the general string-run diagrams of regular end-keeper braids for 4-part, 6-part, 
8-part, 10-part and 12-part Flat Braids on pgs. 81—91. 

The transition points between the Regular Cylindrical Braid (p-parts/b-bights) and 
the Flat Braid (2¢-parts) are given, in the upwards direction, the sequential transition 
index-numbers 0,1, 2,--- ,(«—1). The further bight-points on the transition bight- 
boundary are given the sequential bight index-numbers ,(@+1),---,(b-1) ina 
continuing upwards direction. 


Regular end-keepers can be braided in several different ways. Not only will different 
braiders employ different methods due to personal preferences, but often a braider will 
select that method which in his opinion is the most convenient for a particular case. 
The various braiding methods can be divided into two groups: one which is based 
on raising procedures and one which is based on half-cycle bratding-algorithms. The 
braiding methods based on raising procedures are generally only of practical value when 
the weaving-pattern is of the Casa type (Turk’s Head type). In fact for the Casa type 
coding, the braiding methods based on raising procedures are of great value since all 
such coded regular end-keepers can be braided by at least one of these methods. We 
shall first discuss the braiding methods based on the various raising procedures. 


Since a regular end-keeper for a 2r-part Flat Braid is braided from z strings, its 
string-run consists of « components. Each component has a number of parts and a 
number of bights, which we shall indicate by Pe and b, respectively. Generally not all 
components of a regular end-keeper have the same numerical value for their respective 
parts, nor do they have the same numerical value for their respective bights. Only when 
the g.c.d. of the total parts and bights of the regular end-keeper is equal to « do we 
have the case where all its components are identical with respect to their parts/bights 
specifications. The total number of parts of a regular end-keeper is equal to the sum 
of the parts of its components, and similarly the total number of bights of a regular 
end-keeper is equal to the sum of the bights of its components. 

Before we are able to decide how to braid a regular end-keeper, we must know the 
parts/bights specifications of its components. To obtain these specifications we must 
first calculate the string-run details of each component. The string-run details and 
the parts/bights specifications of the components are assembled in the component- 
table of the regular end-keeper. A row in the component-table specifies the sequential 
index-numbers on the string-run of the associated component, whereby each component 
string-run starts at a transition index-number in an upwards direction from left to right. 
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Say a component string-run starts at transition index-number i, then the next 
index-number on its string-run is |i+p|,. If this index-number is not a transition 
index-number, then the next index-number on its string-run is |i + 2p|,. If this index- 
number is not a transition index-number, then the next index-number on its string-run 
is | + 3p|,. And so on, till we reach a transition index-number (here the string-run of 
the component exits from the regular end-keeper and goes over into the Flat Braid). See 
Example below. We shall in the following text shorten regular end-keeper to end-keeper. 
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THE COMPONENT-TABLE OF AN END-KEEPER CONSISTS OF ROWS. 
WHERE A ROW INDICATES THE STRING-RUN OF THE COMPONENT 
ASSOGIATED WITH THE TRANSITION [NDEX-NUMBER AT THE START 
OF THE ROW. THE STRING-RUN OF THE COMPONENT IS HEREBY 
THOUGHT TO BEGIN IN AN UPWARDS DIRECTION FROM LEFT TO 
RIGHT. THE FINAL [NDEX-NUMBER OF A ROW IS THE TRANSITION 
INDEX-NUMBER WHERE THE STRING-RUN OF THE COMPONENT 
EMERGES FROM THE END-KEEPER. 

THE PARTS/BIGHTS SPECIFICATION OF A COMPONENT IS GIVEN AT 
THE END OF A ROW, AFTER THE VERTICAL LINE IN THE TABLE. 


6/10 END-KEEPER 


The parts/bights specifications of the components are calculated according to the 
scheme as set out in the examples on pg.4. There, the numbers above each row of 
string-run specification form the counting procedure used in calculating the parts of 
the associated component. Only the in seguence decreasing index-numbers take part 
in this counting procedure; however, the highest index numbers in these decreasing 
sequences are not counted. The numbers below each row of string-run specification 
form the counting procedure used in calculating the parts and bights of the associated 
component. The first index number is neglected in this counting procedure. 


It is here an opportune moment to stress and illustrate the importance of parts- 
equivalency and bights-equivalency in braids. We have mentioned in earlier pub- 
lications that the “New Knot Theory” is much concerned with various equivalencies 
between braids, and that the term equivalent must always be preceeded by a qualifying 
term (see for example Pamphlet No.8). The most commonly encountered equivalen- 
cies are the parts-equivalency and the bights-equivalency in braids. Two braids with 
different number of parts, but with similar string-runs are said to be parts-equivalent; 
two braids with different number of bights, but with similar string-runs are said to be 
bights-equivalent. 
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Calculation procedures for the parts/bights specifications of the components. 
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For Regular Cylindrical Braids, two of such braids are parts-equivalent when they 
have both the same number of bights, but their parts differ by a multiple of their bights; 
and two of such braids are bights-equivalent when they have both the same number of 
parts, but their bights differ by a multiple of their parts. The following examples give 
an illustration of these equivalencies concerning end-keepers. Compare the string-run 
specifications between the parts-equivalent end-keepers, and compare the string-run 
specifications between the bights-equivalent end-keepers. 


7/3 _END-KEEPER 


16/9 END-KEEPER 34/3 END-KEEPER 


1-8-6 - 4 - 2) 1874 


2-0 4/1 
3-1 4/1 
7/16 END-KEEPER 7/23 END-KEEPER 
Ge T= Ite Fe le <8 Or - 14-2 -S- 12-19 3 2/? 
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’  BIGHTS-EQUIVALENCY 


There are three types of raising procedures for end-keepers: one in which the 
raising procedures do not increase the number of transition points, and two in which 
the raising procedures do increase the number of transition points. 


First type — Raising procedures in which the number of transition points is not 
increased. These are akin to the two Enlargement Methods I and II (which have been 
discussed in Pamphlet No. 4), and hence will be called enlargements. 


Second type — A size-increasing stage, although based on the Enlargement Method 
Tor II, is carried out with a new string, resulting in the introduction of an additional 
transition point. We designate this type by either TIE I (TIE Method I) or TIE II (TIE 
Method II). 


Third type — A size-increasing procedure, which consists of following an already 
existing component string-run with a new string. We designate this type by TIF p</bc, 
where p-/b. is the parts/bights specification of the component string-run being followed. 


These three types of raising procedures are illustrated on pgs. 7;10;13 for a p/b = 
3/5 end-keeper. The component-tables belonging to the associated end-keepers are 
presented on pg.6. Since raising procedures are mainly used for Casa coded end- 
keepers, which require sets of two raising processes of identical magnitude, we have 
shown the application of the three types of raising procedures to Casa coded end-keepers 
on pgs. 8, 9; 11,12; 14,15, 16. 
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Pictorial drawings associated with pg. 14. 
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It will be self-evident that the first and third set of diagrams on pgs.13 and 14 are 
identical to the first respectively the second set of diagrams on pgs. 10 and 11. 


We defined above an enlargement to be a raising process whereby the number of 
strings, and hence the number of transition points between the Regular Cylindrical 
Braid and the Flat Braid, does not increase. 


A Method I enlargement applied to an end-keeper is always associated with that row 
in its component-table which ends with the transition index-number 0. 


A Method II enlargement applied to an end-keeper is always associated with that 
row in its component-table which ends with the highest transition index-number. 


These two rules are self-evident from the string-run diagrams; furthermore the fol- 
lowing important properties are easy to prove (see pgs. 92 — 95). 


There are three types of component-tables: one in which all the parts/bights specifi- 
ations of the components are the same, one in which there are two different parts/bights 
specifications, and one in which there are three different parts/bights specifications. 


End-keepers with component-tables in which all parts/bights specification are the 
same or in which there are three different parts/bights specifications have two different 
enlargements: one Method I and one Method II enlargement. 


End-keepers with component-tables in which there are two different parts/bights 
specifications have three different enlargements: two different Method I and one Method 
II enlargements when the first set of parts/bights specifications in the component table 
are at a higher level in the RKT (Regular Knot Tree), or one Method I and two differ- 
ent Method II enlargements when the second set of parts/bights specifications in the 
component table are at a higher level in the RKT. 


It will now be evident that by means of an enlargement (hence no increase in transi- 
tion points) an end-keeper can either be produced by two different enlargement methods, 
or by only one enlargement method. 


The enlargement paths are graphically presented in the Enlargement Graph as- 
sociated with a given number of transition-points (x). An Enlargement Graph consists 
of a left-hand part (p < 6) and a right-hand part (p > 6). The left-hand part consists 
of the major left-hand Enlargement Graph (where p > 2), and the minor left- 
hand Enlargement Graph (where p < 2). The trunk of the Enlargement Graph 
is the node p/b = «/z, while its roots are 0/1 and 1/0. Sections of the major left- 
hand Enlargement Graph belonging to end-keepers with four transition-points (hence 
p/b=«/« = 4/4 is its trunk) are shown on pgs. 18— 20. 


A section of the minor left-hand Enlargement Graph belonging to end-keepers with 
four transition-points is shown on pg. 21. Although the nodes with p = 4 do not belong 
to the minor left-hand Enlargement Graph, they are shown there for clarity. 


It should be noted that the RKT is the limit case of an Enlargement Graph because 
then we have only one transition-point. Note also that then the minor left-hand Enlarge- 
ment Graph has consequently vanished. Furthermore the RKT is represented in every 
Enlargement Graph by the nodes zp/xb, where « is the number of transition-points 
and p and b are coprime. 


The right-hand part of the Enlargement Graph is constructed in the same way as 
the major left-hand Enlargement Graph. 
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Part of the minor left-hand Enlargement Graph for x = 4. 


On pg. 22 is shown the general layout of the left-hand Enlargement Graph with the 
magnitudes of the increases Ap/Ab between consecutive nodes. 

There are four line types in the right-hand and major left-hand Enlargement Graphs: 
(1). Lines which slant to the left at 45°. These are called principal-lines. 
(2). Lines which slant to the right at 45°. These are also called principal-lines. 
(3). Lines which slant to the left at 60°. 
(4). Lines which slant to the right at 60°. 


In the minor left-hand Enlargement Graph we have three line types: 
(1). Lines which slant to the right at 45°. These are continuations of the lines which 
slant at 45° to the right in the major left-hand Enlargement Graph. 
(2). Lines which slant to the left at 45°. These are equivalent to the lines which slant 
at 60° to the left in the major left-hand Enlargement Graph. 
(3). Lines which slant to the right at 60°. These are continuations of the lines which 
slant at 60° to the right in the major left-hand Enlargement Graph. 


The 45°-sloping lines in the right-hand and major left-hand Enlargement Graphs 
represent, between their intersection-points together with these points, the RKT with 
its corresponding node-values multiplied by «. For example: when « = 4, the node 5/7 
in the RKT corresponds with the node 20/28 in the Enlargement Graph (2 = 4). Such 
nodes are called the principal-nodes of the Enlargement Graph. With the aid of the 
principal-nodes we can draw the complete Enlargement graph (see also pgs. 96 — 107). 
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General layout of the left-hand Enlargement Graph. 


The 60° sloping lines in the Enlargement Graph form bands, with (« — 1) lines 


per band. The A-values of these bands are determined by their principal-node (see 
diagrams on pg. 23). 
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The diagram on the left gives the general relationships; the one on the right gives a 
numerical example. In these diagrams A stands for Ap/Ab; AI stands for Ap/Ab of 
p/b when p/b is enlarged by a 1"-order Method I process; AII stands for Ap/Ab of 
p/b when p/b is enlarged by a 1’t-order Method II process. With these general rules, 
we are able to trace the enlargement paths of a given p/b-endkeeper with x transition- 
points from its node p/b back to the trunk-node «/x. The position of the node p/b 
in the Enlargement Graph can readily be determined with the aid of its component 
specifications. The following Example illustrates the process (see also pgs. 96 —107). 
Example: An end-keeper with p/b = 61/86 and z = 4. 


First we calculate its component-table: 
61/86 -ENDKEEPER — x=4 


0-61-36-11-72-47%-22-83-58-33-8 -69-44-19-80-55-30-5-66-41-16-77-52-27-2 
1-62-37-12-73-48-23-84-59-34-9-70-45-20-81-56-31 -6-67-42-17-%8-53-28-3 


17/24 
2-63-38-13-74-49-24-85-60-35-10-71-46-21 -82-57-32-7%-68-43-18-79-54-29-4-65-40-15-76-51-26-1| 22/31 
3-64-39-14-75-50-25-0 5/7 


The largest parts/bights specification is 22/31, and hence the principal-node asso- 
ciated with this parts/bights specification is 22¢/31¢ = 88/124. Calculate the path- 
formula (=evolution-vector, see Pamphlet No.4) of the node 22/31 in the RKT. This 
gives the path-formula [0;1,2,2,4] = [0;1,2,2,3,1]. With this path-formula we can 
draw the evolution-path in the RKT from the trunk-node 1/1 to the node 22/31. 

An evolution-path in the RKT is represented by a corresponding principal-path in 
an Enlargement Graph, where the value of the principal-nodes on this path are «x 
the values of the corresponding nodes on the evolution-path in the RKT. 

The actual enlargement paths from the trunk-node z/z to the end-keeper node p/b 
follow the adjacent bands below the principal path or parts of the principal path. 

The component-table of our Example has three different parts/bights specifications: 

22/31 — 1 component, 
17/24 — 2 components, and 
5/7 — 1 component. 
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In the principal node 88/124 we got four components, each with a parts/bights 
specification of 22/31. From the path in the RKT we see that for the node 22/31, a 
basic (1-order) Method I enlargement increases the node-value by 17/24, and that 
a basic (1’-order) Method II enlargement increases the node-value by 5/7. These 
respective enlargement increments also apply to the principal-node 88/124 (see pg. 25). 
In the same way we determine the basic (1’'-order) enlargement increments for the 
next lower component specification and hence its associated principal-node (thus in our 
case for the RKT-node 17/24 and its associated principal-node 68/96). Since the path 
in the RKT from the node 5/7 via the node 17/24 to the node 22/31 is a right 
hocky-stick, we also determine the increment-value along the paths in the right band 
adjacent to the principal-node 68/96, which increment-value is equal to the value of its 
corresponding node in the RKT, hence equal to 17/24. 


The position of the end-keeper node 61/86 relative to the principal-node 88/124 
can now readily be determined as follows: 

Two components of 22/31 each, decreased by 5/7 each, gives two components of 
17/22 each. This is represented in the Enlargement Graph by two steps (nodes) down 
from the node 88/124 along the 5/7 principal increment line (see pg. 25). 

One component of 22/31 decreased by 17/24 gives one component of 5/7. This 
is represented in the Enlargement Graph by a further one step (node) down along the 
appropriate line (in the right band adjacent to the principal-node 68/96). 

This brings us to the node 61/86 in the Enlargement Graph (see pg. 25). 

We can also arrive in the node 61/86 via an alternative route from the node 88/124 
by first going one step down along the principal increment line 17/24, followed by two 
steps down the appropriate band-line (5/7). A further route is provided by first going 
one step down from the node 88/124 along the principal increment line 5/7, followed 
by one step down along the appropriate band line 17/24, followed by one step down 
along the appropriate band line 5/7 (see pg. 25). 


The Enlargement Graph from which the various enlargement-paths to the node 
61/86 can be traced has for clarity been split into two parts (see pgs. 26 & 27). 


With the theory presented so far, we shall discuss in some detail two Examples. 
Example 1: End-keeper with p/b = 6/10; 8-part flat braid, hence 4 transition-points. 


The component-table of such an end-keeper was given on pg.3. The component- 
table shows two different parts/bights specifications for the components (pif, = 1/2 
and p2/b2 = 2/3). Since p2/bz is at a higher level in the RKT than pi/bi, it follows 
that the string-run of this end-keeper can be enlarged by means of one Enlargement 
Method I process and two different Enlargement Method II processes (see pgs. 92 — 95). 
The resulting enlargements are as follows: 


7/11 END-KEEPER 7/12 END-KEEPER 8/13 END-KEEPER 

Cee Fa Ss 172 Ose = 2 1/72 10) 8-3 

1*8 45 0 | 2732 L= 8 = 3 172 km 4 12.8% = 2375 

2°8+6 = } |) 273 @-8-4- 11+ 6- 11376 2 LOOP (6k =" 16 2/73 

3 - 10 - 6 - 2])273 38> 10-5- 0 2/3 Catia 8 Merc oY sie | 2/3 
METHOD II METHOD I METHOD II 


Further enlargements can be applied to these enlarged end-keepers as shown on 
pg. 28. 
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In order to enable the reader to obtain a good understanding of these enlargement 
processes and their path representations in the Enlargement Graph, further enlarge- 


ments are applied to the 8/12 and 10/16 end-keepers; the results are shown below. 
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The consecutive string-runs in the braiding of an end-keeper with p/b = 6/10 via 
the enlargement paths: 
4/4 —+ 4/5 —+ 4/6 —+ 4/7 —+ 4/8 —+ 5/9 — 6/10 
are presented on pg. 30. For a Casa-coded end-keeper with p/b = 6/10 the appropriate 
coding has to be superimposed on these string-runs; this has been done on pg. 31. The 
associated pictorial braiding sequences are shown on pg. 32. 
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Pictorial drawings associated with pg. 31. 
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The end-keeper with p/b = 6/10 can also be constructed via the enlargement paths: 
4/4 —+ 4/5 —+ 4/6 —+ 5/8 — 6/10 

The associated consecutive string-run diagrams are presented on pg. 34, while pg. 35 
shows the appropriate superimposed coding for a Casa-coded 6/10-endkeeper. The cor- 
responding pictorial braiding sequences are depicted on pg.36. Note that the enlarge- 
ment Method I, employed in raising the 4/6-endkeeper to the 5/8-endkeeper, enlarges 
the component starting at transition index-number 2 from its parts/bights specification 
1/1 to 2/3. This enlargement is a 2"¢-order Method I enlargement, which consists of 
a 1”-order Method I enlargement followed by a 1°t-order Method II enlargement (see 
Pamphlet No. 4 and its Supplement). Similarly the enlargement Method I employed in 
raising the 5/8-endkeeper to the 6/10-endkeeper is a 2"¢-order Method I enlargement. 


The 4/6-endkeeper (with x = 4), which forms an intermediate stage in the enlarge- 
ment processes, can also be obtained from a 2/2-endkeeper with x = 2 via two Method 
I enlargement processes, followed by two TIE II processes as set out on pg.37 (the 
corresponding pictorial braiding sequences are shown on pg. 38). 

The TIE II raising processes used here are 1’t-order TIE II processes. If instead 
2"4.order TIE II processes are used, the final result will be a 6/10-endkeeper as de- 
tailed on pg. 39 (the corresponding pictorial braiding sequences are shown on pg. 40). 
A 2"4order TIE II process is a raising-process in which the string-run belonging to 
the added transition-point is the increase in string-run of a 2"¢-order Method II en- 
largement process. A 2"4-order Method II enlargement process consists of a 1°t-order 
Method II enlargement followed by a 1**-order Method I enlargement. The 2”4-order 
TIE II process used on the 2/4-endkeeper creates a new component with a parts/bights 
specification which is equal to the increase in the parts/bights specification of the com- 
ponent starting at transition index-number 1 when subjected to a 2"4-order Method 
II enlargement. Hence the parts/bights specification of this new component is 2/3 
(2"4-order Method II enlargement on 1/2 gives an increase of 1/14+1/2 = 2/3). Since 
this is also (1/2 + 1/1), it will be evident that that the new component can be created 
by following the component starting at transition index-number 1 and then enlarging it 
with a 1”*-order Method II enlargement (TIF 1/2-Method II). 


The 6/10-endkeeper (¢ = 4) can also be constructed by raising the 2/4-endkeeper 
(a = 2) to a 3/5-endkeeper by a Method II enlargement of the 1"-order, then toa 4/6- 
enkeeper (« = 2) by a Method II enlargement of the 1*t-order, then to a 5/8-endkeeper 
(t = 3) by a 1”-order TIE I process and finally by again applying a 1**-order TIE I 
process to the 5/8-endkeeper. This construction process has been outlined on pg. 41, 
while the corresponding pictorial braiding sequences are shown on pg. 42. 

This particular construction process of the 6/10-endkeeper (x = 4) can be speeded 
up by constructing the 4/6-endkeeper ( = 2) from the 2/2-endkeeper (x = 2) via two 
2"4_order method I enlargement steps as shown on pg. 43 (pg. 44 shows the associated 
pictorial braiding sequences). 


In the construction procedures outlined on pgs. 41, 42,43 and 44 the 4/6-endkeeper 
(z = 2) formed an intermediate stage. Since this end-keeper is an interweave of two 
identical components (each with a parts/bights specification of 2/3), we can braid the 
4/6-endkeeper quickly by interbraiding two identical 2/3-Matthew Walker knots. Hence 
we first braid the 2/3-endkeeper (x = 1), then raise it to the 4/6-endkeeper (x = 2) 
by employing the TIF 2/3 process. The construction steps are outlined on pg. 45, while 
the associated pictorial braiding sequences are depicted on pg. 46. 
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Pictorial drawings associated with pg. 35. 
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Pictorial drawings associated with pg. 37. 
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Pictorial drawings associated with pg. 39. 
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Pictorial drawings associated with pg. 41. 
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Pictorial drawings associated with pg. 43. 
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Pictorial drawings associated with pg. 45. 
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If the TIE II raising process is applied to the 4/6-endkeeper (x = 2) instead of the 
TIE I raising process, we obtain a 5/7-endkeeper (x = 3), and by applying once more 
the TIE II process to this 5/7-endkeeper we obtain a 6/8-endkeeper (c = 4). The 
sequential diagrams are shown on pg.47 (upper part). 

The lower part of pg. 47 shows the sequential diagrams for the construction of a Casa- 
coded 8/6-endkeeper (¢ = 2) from a Matthew Walker-coded 4/3-endkeeper (x = 1) 
via a TIF 4/3 raising process. The pictorial braiding sequences associated with the 
construction procedures presented on pg. 47 are shown below. 

Although such raising processes from Matthew Walker-coded p/b-endkeepers (x = 1) 
to Casa-coded 2p/2b-endkeepers (x = 2) are quick, the beginner may prefer to braid 
these Casa-coded 2p/2b-endkeepers (x = 2) via two consecutive identical enlargement 
processes from a ‘Casa-coded’ 2/2-endkeeper (x = 2). For the Casa-coded 4/6 and 
8/6-endkeepers (¢ = 2) this construction procedure is shown on pg.49. Note that the 
Method I enlargements in the 4/6-endkeeper construction are 2”¢-order types, while 
the Method II enlargements in the 8/6-endkeeper construction are 3°¢-order types. 
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Example 2: 

An end-keeper with p/b = 7/11; 4 transition-points (c = 4), hence an 8-part flat 
braid. 

The component-table of such an end-keeper was given on pg. 28. The component- 
table shows two different parts/bights specifications for the component (p:/b1 = 1/2 
and the components p2/bz = 2/3). Since p2/b2 is at a higher level in the RKT than 
pi/bi, it follows that the string-run of this end-keeper can be enlarged by means of 
one Enlargement Method I process and two different Enlargement Method II processes 
(see pgs.92—95). The resulting enlargements are 8/13 with z = 4 (Method I); 8/12 
with x = 4 (Method II), and 9/14 with x = 4 (Method II). The associated component 
tables are shown on pg. 28. 3 

From the Enlargement Graph on pg.18 we see that there are several enlargement 
paths from a 4/4-endkeeper (x = 4) to a 7/11-endkeeper (x = 4), such as 

4/4 —+ 4/5 —+ 4/6 —+ 4/7 — 4/8 — 5/9 — 6/10 —> 7/11 


or 
4/4 —+ 4/5 —> 5/7 —> 6/9 — 7/11 
or 
4/4 —+ 4/5 — 4/6 —+ 5/7 — 6/9 — 7/11 
or 
4/4 —+ 4/5 —+ 4/6 —+ 5/8 — 6/10 —> 7/11 
or 


4/4 —+ 4/5 —+ 4/6 —+ 4/7 —+ 5/9 —s 6/10 —> 7/11. 

Since there is no path from 4/4 to 7/11 with components which all have an even 
number of steps along their straight lines, it follows that when the 7/11-endkeeper 
is Casa-coded, the 4/4-endkeeper cannot be Casa-coded. For a Casa-coded 7/11- 
endkeeper (x = 4), enlarged from a 4/4-endkeeper (x = 4), the smallest Casa-coded 
end-keeper is either a 5/9-endkeeper or a 5/7-endkeeper. 


One might wonder if there is a path, from a p*/4-endkeeper (c = 4 and where 
p* <4) to the 7/11-endkeeper, in which each component consist of an even number of 
steps along its straight lines. However, from the combined minor and major left-hand 
Enlargement Graphs it can readily be seen that such a path does not exist. Hence if 
we want to raise a Casa-coded 7/11-endkeeper from a 4/4-endkeeper by enlargement 
processes, we will first have to determine not only the appropriate coding for this 4/4- 
endkeeper, but also the coding after each enlargement process till we have obtained 
the smallest Casa-coded end-keeper along the chosen path. Although this construction 
process can therefore not be recommended, we shall nevertheless give an example. 


Say we take the enlargement-path: 

4/4 —+ 4/5 —+ 5/7 — 6/9 — 7/11. 

The consecutive steps associated with this path are shown on pg. 51, while the corre- 
sponding pictorial drawings are depicted on pg. 52. Note that although the enlargements 
4/4 —+ 4/5 and 4/5 —+ 5/7 are both Enlargement Method I processes, the enlarge- 
ment 4/4 —+ 4/5 does not follow the Casa ‘track-laying’ procedure for two reasons: 

(1) While the 5/7-endkeeper is Casa-coded, the 4/4-endkeeper is not Casa-coded. 

(2) Although the two enlargement processes are of the same type they are not of the 
same magnitude. 

Since the 5/7-endkeeper is Casa-coded, the enlargement 4/5 —+ 5/7 is a Casa 
‘track-splitting’ procedure. 
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Pictorial drawings associated with pg. 51. 
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When there is no enlargement-path (from the trunk z/z or node p*/z where 
p* <x) to the desired node (p/b with « transition-points) with an even number of 
steps along each of its straight-line components, then it is much more convenient to use 
for the construction of such a Casa-coded p/b-endkeeper, at least initially, a ‘TIE’ or 
“TIE” Casa ‘track-laying’ and ‘track-splitting’ raising processes with as starting point a 
Casa-coded end-keeper. 


For a Casa-coded 7/11-endkeeper, such a raising process is shown on pgs. 54 and 55 
with the corresponding pictorial drawings on pg. 56. 

We start with a 1/1-endkeeper, and enlarge it with Enlargement Method I (24. 
order) Casa ‘track-laying’ procedure. Then we follow with a TIE Method I raising 
process using the Casa ‘track-splitting’ procedure. The result is a Casa-coded 3/5- 
endkeeper (x = 2). 

Next, we employ TIF 1/2 using the Casa ‘track-laying’ procedure, followed by a 
TIF 1/2 Casa ‘track-splitting’ procedure. The result is a Casa-coded 5/9-endkeeper 
(t = 4). We have already mentioned earlier that this is one of the two smallest 2 = 4 
Casa-coded end-keepers which can be raised to a Casa-coded 7/11-endkeeper (a = 4) 
by Enlargement processes. 


We have seen earlier on pgs.13 and 14 that a “TIF” raising process can be accom- 
plished in two ways. Both these ways are shown on pgs. 54 and 55. 


The reader should make sure to be conversant with tying small Casa-coded end- 
keepers with « = 2 on the hand, the same as he is undoubtedly conversant with 
tying small Casa-coded Regular Knots (single string cylindrical braids) on the hand. 
When able to tie a Casa-coded 3/5-endkeeper with « = 2 on the hand (see pg. 57), 
he or she can braid the Casa-coded 7/11-endkeeper much quicker, by omitting the 
1/1 (c = 1) —+ 2/3 (2 = 1) —+ 3/5 ( = 2) steps in the above outlined braiding 
process. 


We can further shorten this braiding process with raising the 3/5-endkeeper (2 = 2) 
by the TIF 2/3 Casa ‘track-laying’ procedure, followed by the TIF 2/3 Casa 
‘track-splitting’ procedure. These two steps may be found in the construction process 
1/1 (@ =1) — 2/3 (2 =1) —> 3/5 (e& = 2) — 5/8 (e = 3) —>+ 7/11 («= 4) on 
pgs.58 and 59, with its associated pictorial drawings on pg. 60. 


The construction process on pg. 61 (with its associated pictorial drawings on pg. 62) 
starts with a Casa-coded 3/3-endkeeper (x = 3) to which the Casa ‘track-laying’ En- 
largement Method I (1’t-order) is applied. This is followed by the Casa ‘track-splitting’ 
Enlargement Method I (1"-order). The result is a 3/5-endkeeper (x = 3). On this end- 
keeper we use the Casa ‘track-laying’ Enlargement Method II (1"t-order), followed by 
the Casa ‘track-splitting’ TIE II (1’t-order). This results in a Casa-coded 5/7-endkeeper 
(a = 4) which can be raised to the Casa-coded 7/11-endkeeper (z = 4) by 2"¢-order 
Method J Enlargements as we already have seen on pgs.51 and 52. 


The raising process from the Casa-coded 3/3-endkeeper (x = 3) to the Casa-coded 
5/7-endkeeper (x = 4) can be shortened by using the Casa ‘track-laying’ Enlargement 
Method I (2"*-order) on the Casa-coded 3/3-endkeeper, followed by the Casa ‘track- 
splitting’ TIE I (2"¢-order). This procedure is presented on pg.63. The associated 
pictorial drawings for the consecutive construction steps can be found on pg. 64. 
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Pictorial drawings associated with pg. 55. 
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Pictorial drawings associated with pg. 59. 
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Pictorial drawings associated with pg. 61. 
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Pictorial drawings associated with pg. 63. 
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We have seen with the aid of the two examples how different raising procedures can 
be used in the construction of regular end-keepers. These various raising methods are 
in general only convenient, and hence useful, when the final regular end-keeper in the 
construction process has a Casa-coding. Although this coding form will undoubtedly 
be the most common one, it is by no means always the most pleasing one. In fact, for 
high grade work, the Casa-coding is rarely used. 

The most convenient way to braid a non Casa-coded regular end-keeper is by means 
of half-cycle algorithms, hence to braid such an end-keeper in consecutive half-cycle 
stages. To enable us to do that, we must know the correct braiding-recipe (algorithm) 
for each consecutive half-cycle. Thus the first task is the determination of the half-cycle 
algorithms which belong to the envisaged end-keeper. Of the several methods available 
for this task, the simplest, no doubt, is the method which uses the algorithm-diagram 
of the envisaged regular end-keeper (see Pamphlet No. 7). 

Since a regular end-keeper is a multi-string regular cylindrical braid in which the 
various strings start and end in adjacent ‘bight’-points (note that a string does not 
necessarily end in its starting-point), the algorithm-diagram of a regular end-keeper is 
the algorithm-diagram of the corresponding multi-string regular cylindrical braid. In 
general such a braid has essential and supplementary starting-points. The number of 
essential starting-points is equal to the g.c.d. (greatest common divisor) of its number 
of parts and its number of bights. These essential starting-points can always be placed 
in adjacent ‘bight’-points, which is the case in end-keepers. Any further starting-points 
are supplementary ones, and these can be placed of course adjacent to the essential 
ones, which is the case in end-keepers. 

As with regular cylindrical braids, regular end-keepers can be divided into three 
groups with respect to their coding: 

(1). column-coded regular end-keepers, 
(2). row-coded regular end-keepers, 
(3). neither column nor row-coded regular end-keepers. 


In Pamphlet No. 7 we have seen how the algorithm-diagram for a column-coded single 
string regular cylindrical braid (regular knot) is constructed. First we had to obtain the 
complementary cyclic bight-number scheme of the knot. 

A regular cylindrical braid with e essential starting-points is an interbraid of e 
regular knots, all with an identical string-run, and hence an identical complementary 
cyclic bight-number scheme. Thus the string-run of a regular cylindrical braid with e 
essential starting-points is a regular ‘nesting’ of e identical string-runs. Consequently 
the complementary cyclic bight-number scheme of a regular cylindrical braid with e 
essential starting-points consists of the complementary cyclic bight-number scheme of 
one of these e identical string-runs together with a regular complementary nesting 
of the the other (e—1) identical complementary cyclic bight-number scheme patterns. 

An Example is given on pg.66, in which e = 5. The complementary cyclic bight- 
number scheme of one of these e (hence 5) interwoven identical string-runs is obtained 
by means of the calculation process involving |—p|, ; these are the numbered dots. The 
pattern of these numbered dots has to be (e—1) times (hence 4 times) complementary 
nested in this numbered dot arrangement. Hence the dots immediately to the left of 
the numbered dots receive the letter A; those immediately to the left of A receive 
the letter B; those immediately to the left of B receive the letter C; and those 
immediately to the left of C receive the letter D. This completes the complementary 
cyclic bight-number scheme of the 15/25-endkeeper. 
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EXAMPLE: 15/25 END-KEEPER: 2-PASS HEADHUNTERS CODING. 
RE SEAS TILA NTERS CVOUING . 


FOR MOST BRAIDERS THE EASIEST METHOD FOR OBTAINING THE ‘COMPLEMENTARY CYCLIC 
BIGHT-NUMBER SCHEME [S ITS CONSTRUCTION BY MEANS oF |-p|,- 


SET OFF b=25 DOTS ALONG A HORIZONTAL LINE AS SHOWN BELOW: 


e e e e e e e e e e e e e e e e e e e e e e e e o 


GIVE THE LEFT MOST DOT THE NUMBER 0. 
COUNT |-p|, FURTHER DOTS TO THE RIGHT AND GIVE THE LAST DOT THE NUMBER 1. 


COUNT A FURTHER l-P |, DOTS IN GYCLIC FASHION TO THE RIGHT AND GIVE THE LAST 
DOT THE NUMBER 2. 


AND SO ON TILL WE RETURN AT THE LEFT MOST DOT (THE ONE WITH THE NUMBER 0). 
te) 3 1 4 2 


oe 8 8 8 © 8 eS hel OU 8S cH Se 8 Oe Se. ee SS Ste ce CS 


MARK EACH SET OF UNNUMBERED DOTS FROM LEFT TO RIGHT WITH: D,C,B,A 


oD0D¢CBABZODGBAtLDCGCBA4SDCGCBA2D CB A 
eee @ © 


@ e e e e e e e e e e e e e e e e e e e 


THIS GIVES US THE COMPLEMENTARY CYCLIC BIGHT-NUMBER SCHEME oF THE REGULAR 
CYLINDRICAL BRAID 15/25. 


SET OFF ALONG A HORIZONTAL LINE ptl=15+1=16 DOTS AS SHOWN BELOW: 


THE FIRST AND THE LAST DOT REPRESENT THE LEFT-HAND AND RIGHT-HAND BIGHT- 
BOUNDARIES OF THE REGULAR CYLINDRICAL BRAID, 

SET OFF ABOVE THE DOTS FROM LEFT TO RIGHT, STARTING WITH THE SECOND DOT, THE 
CODING OF THE REGULAR CYLINDRICAL BRAID FOR A HALF-GYCLE RUNNING FROM 

LOWER LEFT TO UPPER RIGHT. 

ABOVE THIS CODING LINE SET OFF THE COMPLEMENTARY CYCLIC BIGHT-NUMBER SCHEME, 
REPEAT IF NECESSARY AND/OR AS FAR AS IT CAN GO, BUT LEAVE THE LAST DOT FREE. 
STARTING WITH THE SECOND DOT FROM THE RIGHT, SET OFF BELOW THE DOTS THE 
CODING SEQUENCE OF THE CYLINDRICAL BRAID FOR A HALF-CYCLE RUNNING FROM LOWER 
RIGHT TO UPPER LEFT. GIVE THE LAST DOT FROM THE RIGHT, HENCE THE LEFT MOST 
DOT, THE CODING OF THE TRANSITION COLUMN. THE TRANSITION COLUMN [S THE LEFT 
BIGHT-BOUNDARY OF THE REGULAR CYLINDRICAL BRAID. 

BELOW THIS CODING LINE SET OFF THE COMPLEMENTARY CYCLIC BIGHT-NUMBER SCHEME 
FROM RIGHT TO LEFT, REPEAT [F NECESSARY AND/OR AS FAR AS IT CAN GO, END WITH 
THE ENTRY UNDER THE LEFT MOST DOT. 


OD CO BA 8S) DG BAY DG By A 
BUCO OUR OO Uwe oOo tu wu 
ee er OO 6 8. 6 6 Se Oe jie ee. 
uoouuooOuuooUuUUd. OA 
4A4BCGDt1ABCGDBA BED O 


THIS GIVES THE COMPLETE ALGORITHM-DIAGRAM FOR THE REGULAR CYLINDRICAL BRAID, 
AND HENCE OF THE 15/25 END-KEEPER. THE END- KEEPER CAN NOW BE BRAIDED DIRECTLY 
FROM THIS ALGORITHM- DIAGRAM, OR ALTERNATIVELY FIRST THE HALF-CYCLE ALGORITHMS 
CAN BE OBTAINED FROM THIS ALGORITHM-DIAGRAM. 

NOTE THAT THE ALGORITHM-DIAGRAM IS INDEPENDENT OF THE NUMBER OF TRANSITION 
POINTS. THE MINIMUM NUMBER OF TRANSITION POINTS HAS TO BE EQUAL TO THE G.C.D. 
OF p AND b, HENCE IN THIS EXAMPLE THE MINIMUM NUMBER IS EQUAL TO 5. 
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It should be noted that the complementary cyclic bight-number scheme-of a multi- 
string regular cylindrical braid is independent of the total number of starting-points; 
it is only dependent on the number of essential starting-points. The same therefore 
applies to regular end-keepers. 


The algorithm-diagram of a column-coded end-keeper is obtained with the aid of the 
complementary cyclic bight-number scheme of that end-keeper in exactly the same way 
as the algorithm-diagram of a column-coded regular knot is obtained with the aid of its 
complementary cyclic bight-number scheme; this is shown in the Example on pg. 66. 


Say this end-keeper has eleven transition-points; see the string-run and grid-diagrams 
below. 
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The 2-pass Headhunter’s coded 15/25-endkeeper (x = 11). 


This end-keeper has five essential starting-points and six supplementary starting- 
points. Each essential starting-point is associated with an essential string-run. The 
first essential starting-point is transition index-number 0, the second essential starting- 
point is transition index-number 1, the third essential starting-point is transition index- 
number 2, the fourth essential starting-point is transition index-number 3, and the fifth 
essential starting-point is transition index-number 4. 

The first essential string-run comprises three components, and hence is made up of 
three separate strings. The other four essential string-runs each consist of two compo- 
nents, hence two separate strings. 

The component-table of this end-keeper is presented on pg. 68. 

We start the braiding-process with braiding the first component, hence we start at 
transition index-number 0 and braid the cycles O—15, and 15—5 (hence the first four 
half-cycles in the essential string-run 0O—15—5—20—10—0): 


68 


1). L— R: Free Run. 
2). (¢=0) RGU: Free Run. 
3). (@=0) L—-R: Free Run. 
4). G@=1) ROL: °. 
Next we braid with a new string the cycles 5—20, and 20—10 (hence the second 
four half-cycles in the essential string-run O— 15—5—20—10—0): 
5). (@=1) LOR: u. 
6). (@=2) R—L: 0. 
7). (@=2) DLR: u. 
8). (§=3) R— GL: 2o. 
Then we braid with a further new string the cycle 10—0 (hence the last two half- 
cycles in the essential string-run 0O—15—5— 20—10—0): 
9) (§=3) DOR: 2u. 
10). (§=4) R— GL: 20 — u. 
The first essential string-run, O— 15— 5 — 20 — 10 — 0, which consists of three sep- 
arate strings, hence three components, is now completed. 


15/25 END-KEEPER NUMBER OF _HALF-GYGLES 

172 —4 
1- 16-6 172 —_;————— 4 
2-1%7-7 172. ——+- : —+ 4 
3 - 18 - 8 ve : — +4 
4-19-9 172 ——t+ : i : ——+ 4 
5 - 20 - 10 1/72 —+ 4 H i i 
6 - 21 - Il - 1) 273 ——}—______,. 5 i i : 
7-22-12 - 2/ars i — 5 i i 
8 - 23 - 13 - 3)27g ——}—_____ i 
9 - 24 - 14 - 4/23 i — 6 
10 - 0 v1 —+ 2 

| 
0,1 A,0,1 4,B,0,1 A,B,C,0,1t A,B,C,D,0,1 
ee A,0,1,2,3,4 4,B,0,1,2,3,4 A,B,C,0,1,2,3,4 A,B,C,D,0,1,2,3,4 


We continue with braiding the first component (1—16—6) of the second essential 
string-run (1—16—6—21—11—1): 
11). (¢= A) L—R: o— 2u. 
12). (¢=A;0) RSL: u — 2o. 
13). (§=A;0) LR: o— 2u. 
14). (§=A;1) R-—GL: u— 30. 
Then the second (last) component (6— 21— 11 —1) of the second essential string- 
on 15). (§=4;1) L—>R: o-3u. 
16). (§=A;2) R-—GL: u — 30. 
17). (§=A;2) LGR: o — 3u. 
18). (¢=4;3) ROL: u — 4o. 
19). (§=A;3) L—+R: o — 4u. 
20). (§=A;4) ROL: u—4do-—u. 
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The second essential string-run, 1—16—6—21—11—1, which consists of two 
separate strings, hence two components, is now completed. 
We continue with braiding the first component (2—17—7) of the third essential 
string-run (2—17—7—22—12—2): 
21). (¢= A,B) L— R: 30 — 3u. 
22). (§(=A,B;0) R— GL: 3u — 30. 
23). (§=A,B;0) DR: 30 — 3u. 
24). (§=A,Bj1) RL: 3u — 40, 


Then the second component (7 —22—12—2) of the third essential string-run: 
25). (§=A,Bj1) LR: 30 — 4u. 
26). (§=A,B;2) RL: 3u — 4o. = 
27). (§=A,B;2) D— R: 30 — 4u. 
28). (¢=A,B;3) RL: 2u—o-—4u-— 4o. 
29). (¢=A,B;3) DL—-R: 20-u—o-— 4u. 
30). (¢=A,Bj4) RL: 2u—o-u-—4do—u. 


The third essential string-run, 2—17— 7—22—12—2, which consists of two sep- 
arate strings, hence two components, is now completed. 
Next we braid the first component (3— 18—8) of the fourth essential string-run 
(3—18—8— 23—13—3): 
31). (¢= A,B,C) L— 
32). (§=A,B,C;0) R—G 
33). (i= A,B,C;0) L—- 
34). (§=A,B,Cj1) R—- 


Then the second component (8— 23— 13—3) of the fourth essential string-run: 
35). (§=A,B,C;1) L—- u — 40 — 2u — o — Qu. 
36). (§=A,B,C;2) R—3 o — 4u — 20 — u — 20. 
37). (§¢=A,B,C;2) L— u — 4o — 2u — 0 — 2u. 
38). (¢=A,B,C;3) R— o— 2u — 0 — 2u —20—- u — 2o. 
39). (¢=A,B,C;3) L—- u — 20 — u — 20 —2u — o — 2u. 
40). (¢=A,B,C;4) R— o — 2u — o — 2u —20 — u — 20 — u. 


The fourth essential string-run, 3—18—8—23—13—3, which consists of two 
separate strings, hence two components, is now completed. 

Finally we braid the first component (4—19—9) of the fifth essential string-run 
(4—19—9—24—14—4): 

41). (¢=A,B,C,D) LDR: 2u — 20 — u — 20 — u — 20 — 2u. 

42). ((=A,B,C,D;0) RL: 20 — 2u — o — 2u — o — 2u — 2o. 

43). (i= A,B,C,D;0) LD +R: 2u — 20 — u — 20 — u — 20 — Qu. 

44). (§=A,B,C,D;1) R—-L: 20 — 2u — o — 2u — 20 — 2u — 20. 


Then the second (last) component-(9 — 24 — 14 — 4) of the fifth essential string-run: 
45). (§=A,B,C,D;1) L—-R: 2u — 20 — u — 20 — 2u — 20 — 2u. 

46). (§=A,B,C,D;2) R—-+L: 20 — 2u — o — 2u — 20 — 2u — 2o. 

47). (§=A,B,C,D;2) L—-R: 2u — 20 — u — 20 — 2u — 20 — 2u. 

48). (§=A,B,C,D;3) RL: 20 — 2u — 20 — 2u —20 — 2u — 20. 
49). (¢=A,B,C,D;3) L—-R: 2u — 20 — 2u — 20 —2u — 20 — 2u. 
50). (§=A,B,C,D;4) RL: 20 — 2u — 20 — 2u — 20 — 2u — 20 — u. 
This completes the Gaucho-coded 15/25-endkeeper. 


u—4o-—u—o— 2u. 
o— 4u-—-o-—u-—2o0. 
u—4o—u—o-— 2u. 
o — 4u — 20 — u — 20. 


Hang 


ee 
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On pg. 71 we have shown the algorithm-diagrams of the Casa-coded 6/10 and 7/11- 
endkeepers (x = 4). 
The Casa-coded 6/10-endkeeper (x = 4) consists of two essential string-runs (g.c.d. 
of 6 and 10 equals 2), each of which are braided with two separate strings. With 
the aid of the component table we read from the algorithm-diagram the consecutive 
half-cycle algorithms: 
First component 0—6— 2, starting at transition index-number 0: 


Free Run. 
Free Run. 
Free Run. 
u. 


Second component 2— 8— 4—0, starting at transition index-number 2: 


1). L—R 
2). (¢=0) ROL 
3). (@=0) LOR 
4) (§=1) ROL 
5). (§=1) DOR: 
6). (i = 2) R—L: 
7). (§=2) DR: 
8).- (# = 3) R—-L: 
9). (¢=3) LR: 
10). (@=4) ROL: 


0. 
u. 
°. 
2u. 
20. 
3u. 


Third component 1— 7—3, starting at transition index-number 1: 


11). (¢= A) L—R: 3u. 
12). (§=A;0) R—-L: 30. 
13). (§=A;0) LGR: 3u. 
14). (§=4;1) RL: 20-u—o. 
Fourth component 3—9—5—1, starting at transition index-number 3: 
15). (§=4;1) LGR: 2u-—o-— 4. 
16). (§=A;2) R— GL: 20-u—o. 
17). (§=A;2) LGR: 2u—o-— u. 
18). (§=A;3) RSL: o-t-—-o-u-o. 
19). (§=A;3) D—+R: u-o-u-—o-4u. 
20). (§=A;4) ROL: o-U-o-u-—o-u. 


This completes the braiding-process of the Casa-coded 6/10-endkeeper. 


The Casa-coded 7/11-endkeeper (a = 4) consists of one essential string-run (g.c.d. of 
7 and 11 equals 1). With the aid of the component table we read from the algorithm- 
diagram the consecutive half-cycle algorithms: 


First component 0—7—3, starting at transition index-number 0: 


Free Run. 
Free Run. 
Free Run. 


oO. 


Second component 3—10—6—2, starting at transition index-number 3: 


1). L— R: 
2). (§¢=0) R—L: 
3). (§=0) L-—+R: 
4) (¢=1) R-—GL: 
5) (@=1) LGR: 
6). (§=2) R—+L: 
7). (§=2) L—+R: 
8). (§=3) R—GL: 
9). (§=3) LGR: 
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Third component 2—9—5—1, starting at transition index-number 2: 
11). (@=4) LOR: u-o-4, 
12). (@=5) RL: u-o-—4u. 
13). (@=5) LR: u-o-4u. 
14). (§=6) RL: u— 20-4. 
15). (¢=6) DR: u— 20 — 4. 
16). (@=7) ROL: u—20-—u-—o. 

Fourth component 1— 8— 4—0, starting at transition index-number 1: 
17). (§=7) L—-R: u—20-—u-—o. 
18). (@=8) RL: -20-u-o. 
19). (¢=8) D—R: —-20-u-o. 
20). (¢=9) RL: —-o-uUu-o-Uu-o, 
21). (§=9) D—R: -o-uUu-—-o-Uu-o. 
22). (§=10) R—L: u-o-u-o-u-o-—uUu. 


exeeer 


This completes the braiding-process of the Casa-coded 7/11-endkeeper. 


The construction and use of the algorithm-diagrams for row-coded regular knots 
(row-coded single-string regular cylindrical braids) has been discussed in Pamphlet 
No.9. In the same way as the algorithm-diagrams for column-coded regular end-keepers 
(column-coded multi-string regular cylindrical braids) are an extension of the algorithm- 
diagrams for column-coded regular knots, so are the algorithm-diagrams for row-coded 
regular end-keepers (row-coded multi-string regular cylindrical braids) an extension of 
the algorithm-diagrams for row-coded regular knots. We shall assume that the reader 
is fully conversant with the contents of the Pamphlets No.7 and No. 9. 

With the aid of two Examples we shall outline the construction of algorithm-diagrams 
for row-coded regular end-keepers. For most braiders the simplest way to construct these 
algorithm-diagrams will be by making use of the quantities |—pl, and |pl,. 

In the Example on pg.73 we have: p = 8; b = 12; 2 = 5; r = 3. Since the 
g.c.d.(8,12) = 4, it follows that this end-keeper has four essential transition-points; 
hence there are four essential starting-points (the transition index-numbers 0, 1, 2, 3) 
and one supplementary starting-point (the transition index-number 4). We shall assume 
that the braiding directions of the half-cycles are from lower-left to upper-right and from 
lower-right to upper-left. 

With |—p|, = |-8|,. = 4 we construct the complementary cyclic bight-number 
scheme (see pg. 73) 

The algorithm-diagram is constructed in the same way as the algorithm-diagrams 
for row-coded regular knots (see Pamphlet No. 9). Since r = 3, there are three ‘7’ 
positions (j = 1, 7 = 2, j = 3) for the Left to Right half-cycles, and three ‘j’ positions 
(G =1, 7 =2, j =83) for the Right to Left half-cycles. 

The first essential string-run consists of two components: O0—8—4, and 4—0. 
These components are associated with the left to right half-cycles 1, 3; 5, and the right 
to left half-cycles 2, 4; 6. 

For the left to right direction we obtain: Half-cycle 1 comes under j = 1. Count 
lp|, = 2 positions to the right (in cyclic fashion), hence half-cycle 3 comes under FS) 
Count a further 2 positions to the right in cyclic fashion, hence half-cycle 5 comes under 
j= 2. 

For the right to left direction we obtain: Half-cycle 2 comes under j = 1. Count 
lp|, = 2 positions to the left in cyclic fashion, hence half-cycle 4 comes under 5 =. 
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Count a further 2 positions to the left in cyclic fashion, hence half-cycle 6 comes 
under j = 2. 

The second essential string-run consists of one component: 1—9—5—1. This 
component is associated with the left to right half-cycles 7, 9, 11, and the right to left 
half-cycles 8, 10, 12. 

For the left to right direction we obtain: Half-cycle 7 comes under j = 2 (j = 
ji1+1], = |2|; = 2). Count |p|, = 2 positions to the right in cyclic fashion, hence 
half-cycle 9 comes under j = 1. Count a further 2 positions to the right in cyclic 
fashion, hence half-cycle 11 comes under j = 3. 

For the right to left direction we obtain: Half-cycle 8 comes under j = 2. Count 
lpl, = 2 positions to the left in cyclic fashion, hence half-cycle 10 comes under j = 1. 
Count a further 2 positions to the left in cyclic fashion, hence half-cycle 12 comes under 
g='3, 

The third essential string-run consists of one component: 2—10—6—2. This 
component is associated with the left to right half-cycles 13, 15, 17, and the right to 
left half-cycles 14, 16, 18. 

For the left to right direction we obtain: Half-cycle 13 comes under j = 3 (j = 
|2+ 1], = [3]; = 3). Count |p|, = 2 positions to the right in cyclic fashion, hence 
half-cycle 15 comes under j = 2. Count a further 2 positions to the right in cyclic 
fashion, hence half-cycle 17 comes under j = 1. 

For the right to left direction we obtain: Half-cycle 14 comes under j = 3. Count 
|p|, = 2 positions to the left in cyclic fashion, hence half-cycle 16 comes under j = 2. 
Count a further 2 positions to the left in cyclic fashion, hence half-cycle 18 comes under 
gal, 

The fourth essential string-run consists of one component: 3—11—7—3. This 
component is associated with the left to right half-cycles 19, 21, 23, and the right to 
left half-cycles 20, 22, 24. 

For the left to right direction we obtain: Half-cycle 19 comes under j = 1 (j = 
|3 +1], = [4], = 1). Count |p|, = 2 positions to the right in cyclic fashion, hence 
half-cycle 21 comes under j = 3. Count a further 2 positions to the right in cyclic 
fashion, hence half-cycle 23 comes under j = 2. 

For the right to left direction we obtain: Half-cycle 20 comes under j = 1. Count 
|p|, = 2 positions to the left in cyclic fashion, hence half-cycle 22 comes under j = 3. 
Count a further 2 positions to the left in cyclic fashion, hence half-cycle 24 comes under 
j= 2. 


As discussed in Pamphlet No.9, the central strip in the algorithm-diagram can slide 
in order for the “star” to line up with the appropriate half-cycle positions (see pg. 74). 
The left-most dot of the central strip represents the left boundary of the end-keeper, 
and since all the transition points have the same coding, this dot is in this case always 
associated with an under-coding for the right to left half-cycles which go through the 
transition-points. 

The algorithm-diagram gives us the following half-cycle algorithms (see pg. 74): 


First component 0—8—4, starting at transition index-number 0: 
1). L—R: Free Run. 
2). (@=0) R—-L: Free Run. 
3). (§=0) LR: Free Run. 
4). (§=1) R—L: 0. 
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Second component 4—0, starting at transition index-number 4: 
5). (¢=1) LGR: o— 4. 
6). (@=2) ROL: Qu. 
Note that the ‘o’ in 5) is in transition point ‘4’, and that the last ‘u’ in 6) is in 
transition-point ‘0’. 
Third component 1—9—5—1, starting at transition index-number 1: 
7). (¢= A) L— R: 2o. 
8). (¢=A;0) R—-L: ou, 
9). (§=A;0) L—-R: o— u. 
10), (§=A;1) R—+L: u-—o— 4. 
11) (@=4;1) LOR: u — 2o. 
12). (¢=A;2) ROL: u—20— 4. 
Note that the last ‘u’ in 12) is in transition-point ‘1’. 


Fourth component 2—10—6— 2, starting at transition index-number 2: 
13). (¢= A,B) L—R: 3u —o. 
14). (@=A,B0) RL: 2u — 20. 
15). ((=A,B;0) LR: u — 30. 
16). (§=A,Bj1) RL: 20-u—-—o—u. 
17). (§=A,Bj1) LGR: 20 — 3u. 
18). (§=A,Bj2) RL: o—u—o-— 3u. 
Note that the last ‘u’ in 18) is in transition-point ‘2’. 


Fifth component 3—11—7—3, starting at transition index-number 3: 
19). (¢= A,B,C) L—R: u — 30 — 2u. 


20). (§=A,B,C;0) R— GL: u—-o-u—o-— 2Qu. 
21). (§=A,B,C;0) LOR: o—-2u-o-u-o. 
22). (§=A,B,C;1) R— GL: o— 2u-—o-—u— 20. 


23). (§=A,B,Cj;1) L—R: o-—uU—o-— 2u— 2o. 
24). (¢=A,B,C;2) ROL: u— 20 — 2u — o — Qu. 
Note that the last ‘w’ in 24) is in transition-point ‘3’. 


In the Example on pg.77 we have: p = 9;6= 12; ¢ = 5;7r = 3. Since the 
g.c.d.(9,12) = 3, it follows that this end-keeper has three essential transition-points; 
hence there are three essential starting-points (the transition index-numbers 0, 1, 2) 
and two supplementary starting-points (the transition index-numbers 3, 4). We shall 
assume that the braiding directions of the half-cycles are again from lower-left to upper- 
right and from lower-right to upper-left. 

With |—p|, = |-9|,. = 3 we construct the complementary cyclic bight-number 
scheme (see pg. 77) 

The algorithm-diagram is constructed in the same way as the algorithm-diagrams 
for row-coded regular knots (see Pamphlet No. 9). Since r = 3, there are three ‘j’ 
positions (j = 1, j = 2, j = 3) for the Left to Right half-cycles, and three ‘j’ positions 
(j =1,j =2, j =3) for the Right to Left half-cycles. 

The first essential string-run consists of two components: 0—9—6—3, and 3—0. 
These components are associated with the left to right half-cycles 1, 3,5; 7, and the 
right to left half-cycles 2, 4, 6; 8. 

For the left to right direction we obtain: Half-cycle 1 comes under j = 1. Count 
lp|, = 0 positions to the right (in cyclic fashion), hence half-cycle 3 comes under j= 1. 
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Count a further 0 positions to the right in cyclic fashion, hence half-cycle 5 comes 
under j = 1. Count another 0 positions to the right in cyclic fashion, hence half-cycle 
7 comes under 7 = 1. 

For the right to left direction we obtain: Half-cycle 2 comes under j = 1. Count 
lp|, = 0 positions to the left in cyclic fashion, hence half-cycle 4 comes under j = 1. 
Count a further |p|, = 0 positions to the left in cyclic fashion, hence half-cycle 6 
comes under j = 1. Count another |p|, = 0 positions to the left in cyclic fashion, 
hence half-cycle 8 comes under j = 1. 


The second essential string-run consists of two components: 1—10—7—4, and 
4—1. These components are associated with the left to right half-cycles 9, 11, 13; 15, 
and the right to left halfcycles 10, 12, 14; 16. 

For the left to right direction we obtain: Half-cycle 9 comes under j = 2 (j = 
|L+1], = |2l; = 2). Count |p|, = 0 positions to the right (in cyclic fashion), hence 
half-cycle 11 comes under j = 2. Count a further 0 positions to the right in cyclic 
fashion, hence half-cycle 13 comes under j = 2. Count another 0 positions to the right 
in cyclic fashion, hence half-cycle 15 comes under j = 2. 

For the right to left direction we obtain: Half-cycle 10 comes under j = 2. Count 
lp], = 0 positions to the left in cyclic fashion, hence half-cycle 12 comes under j = 2. 
Count a further |p|, = 0 positions to the left in cyclic fashion, hence half-cycle 14 
comes under j = 2. Count another |p|, = 0 positions to the left in cyclic fashion, 
hence half-cycle 16 comes under j = 2. 


The third essential string-run consists of one component: 2—11—8—5—2. This 
component is associated with the left to right half-cycles 17, 19, 21, 23, and the right 
to left half-cycles 18, 20, 22, 24. 

For the left to right direction we obtain: Half-cycle 17 comes under j = 3 (j = 
|2+1|, = [3]; = 3). Count |p|, = 0 positions to the right in cyclic fashion, hence 
half-cycle 19 comes under j = 3. Count a further 0 positions to the right in cyclic 
fashion, hence half-cycle 21 comes under j = 3. Count another 0 positions to the right 
in cyclic fashion, hence half-cycle 23 comes under j = 3. 

For the right to left direction we obtain: Half-cycle 18 comes under j = 3. Count 
Ip|, = 0 positions to the left in cyclic fashion, hence half-cycle 20 comes under j = 3. 
Count a further 0 positions to the left in cyclic fashion, hence half-cycle 22 comes 
under j = 3. Count another 0 positions to the left in cyclic fashion, hence half-cycle 
24 comes under 7 = 3. 


The left-most dot of the central strip represents the left boundary of the end-keeper, 
and since all the transition points have the same coding, this dot is in this case always 
associated with an under-coding for the right to left half-cycles which go through the 
transition-points. 

The algorithm-diagram gives us the following half-cycle algorithms (see pg. 78): 


First component 0 —9—6— 3, starting at transition index-number 0: 
1). L—R: Free Run. 
2). (§=0) ROL: Free Run. 
3). (@=0) DLR: Free Run. 
4) (@=1) RL: oO. 
5) (@@=1) LOR: oO. 
6). (@=2) RL: o-—u. 
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Second component 3—0, starting at transition index-number 3: 
7). (¢=2) DL +R: 20 —u. 
8). (@=3) ROL: o — 2u. 
Note that the first ‘o’ in 7) is in transition point ‘3’, and that the last ‘u’ in 8) is in 
transition-point ‘0’. 


Third component 1—10— 7—4, starting at transition index-number 1: 
9). (#= A) L—R: 3u. 
10), (@=A;0) RL: 30. 
11). (¢=4;0) L—R: 3u. 
12). (§=4;1) ROL: o— u— 20. 
13). (§=A;1) D—+R: u—o-— Qu. 
14). (§=4;2) ROL: o-uUu-o-Uu-o 


Fourth component 4—1, starting at transition index-number 4: 
15). (§=A;2) LR: o-u-o-u-o-u. 
16). (§(=A;3) R— GL: o-u-o-t-o-u. 
Note that the first ‘o’ in 15) is in transition point ‘4’, and that the last ‘u’ in 16) is 
in transition-point ‘1’. 
Fifth component 2—11—8—5— 2, starting at transition index-number 2: 
17). (¢= A,B) L—R: o-—u-— 30-4. 
18). ((=A,B;0) RL: 3u — o — 2u. 
19). (§=A,B;0) LOR: o—u— 30— 4. 
20). (§=A,B;1) ROL: 2u—-o-—u—o-— 2u. 
21). (@=A,B;1) LR: o — 2u — 30 — u. 
22). ((=A,B;2) R—-L: 2u—o— u— 20 — 2Qu. 
23). (§=A,B;2) L—+R: o-—2u-—-20-u-—o-u. 
24). (§=A,B;3) RSL: 2u —o-—u— 20— 3u. 
Note that the last ‘uw’ in 24) is in transition-point ‘2’. 


Although the half-cycle algorithms of regular end-keepers which are neither column- 
coded nor row-coded can be obtained by calculation, however, since the procedures are 
in general a little more cumbersome it is therefore more convenient to obtain them via 
a suitable computer program. We shall treat this in a future Pamphlet. 


On the following eleven pages (81— 91) are depicted the general string-run diagrams 
for some common end-keepers. The valid p-values are indicated in each of these general 
string-run diagrams. 
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PROOFS 


The component-table can contain at most three different parts/bights specifications: 


start transition index-number: end transition index-number: 
0 —_ y 
1 _ ytl 
2 — y+2 


z—l-y — z—-l=y+(c¢—-1-y) 
w-y — z 

z-—ytl — z+1 
z-yt(y-l—z)=2-1-z —> y-l=z+(y—1-2z) 
e-l-z+l=2-2z — 0 


Since r—1—z+1=a¢-—z —+ y andsince 0 —> y, hence the component string- 
run starting at transition index-number ¢—z goes through transition index-number 
0, and hence ends at transition index-number 0 instead of continuing to transition 
index-number y. There are still « —1—(«— z) = z—1 transition index-points left 
where the string-runs of further components will start. 


@-—z+l1 — 1 
e2—z+2 —y 2 
e@—z+(z-l1)=2-1 — z—-1 


All transition index-points possess now a start of a component string-run, and hence 
also an end of a component string-run. 


When z = 0 the final tabulated component starts with the transition index-number 
z—yt+(y—1-—2z)= 2-1-2 = 2-1, and ends with the transition index-number 
y—1=z+(y—1 —2) for its string-run. Consequently the component-table contains 
two different parts/bights specifications. 

When y = 0 the final tabulated component starts with the transition index-number 
z—1—y=z-—1, and ends with the transition index-number x —1 = y+ (z-1-y). 
Consequently the component-table contains only one parts/bights specification. 
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Component-tables with three different parts/bights specifications. 
From the component entries 
z@—l-y — z—l=y+(e-1-y) 
wy — z 
with the parts/bights specifications p1/b: and po/ba respectively it follows that the last 
component entry s—y —+ z can be writtenas s—y —+ x —> z (note that z> 0). 
The part c—y —+ a has the parts/bights specification p; /by and the part ¢ —+ z 
has the parts/bights specification p3/b3 since it has the same parts/bights specification 
as f—2+4+(z—-1)=a-1 —> z-1. Hence po = pi +ps3 and bg = bi +63. Obviously a 
Method II enlargement is associated with the component entry s-1—y —+ s—1 , and 
enlarges this component fom p;/b; to p2/b2. The parts/bights specification of the over- 
all end-keeper goes from {(¢ — y)p: + (y— z)p2 + zps}/{(a — y)bi + (y — z)bo + zb3} = 
{(@ — z)pi + yps}/{(a — z)bi + ybs}_ to 
{(e-y—1)pi + (y—2 + 1)po + zps}/{(e — y — 1)bi + (y — 2 + 1)ba + zba} = 
{(w— 2)p + (y+ l)pa}/{(e — 2)b1 + (y + 1)bs}. 
From the component entries 
eg-yt(y-1l—-z)=2-1-z —> y-l=z+(y—1-2) 
e-l-z+1l=2-z — 0 
with the parts/bights specifications p2/bz and p3/b3 respectively it follows that a 
Method I enlargement is obviously associated with the component entry s—1—z+1 = 
z—z —+ 0, and enlarges this component fom p3/b3 to p2/b2. We have already seen 
above that po = p3+pi and b2 = b3+61. The parts/bights specification of the overall 
end-keeper goes from {( — y)pi + (y — z)po + zps}/{(z — y)bi + (y — z)bo + zbs} = 
{(2 — z)pi + yps}/{(a — z)bi + ybs} to 
{(c — y)pi + (y— 2+ 1)po + (2 —1)ps}/{(o — y)bi + (y— 2 +:1)bo + (z— 1)bs} = 
{(c — 2+ 1)pi + yps}/{(@ — 2 + 1)bi + yds}. 

Since an enlargement of component c—-1—z+1=2—z —+ 0 by following 
component 0 —+ y is identical to subjecting component s—-1—-z+1l=2-—z —> 0 
to enlargement Method I, and since an enlargement of component s—-l1—y —+ s-1= 
y+(c—1—y) by following component s—z+4+(z—1)=a—1 —+ z—1 is identical to 
subjecting component s—1—y —>+ s—1= y+(x—1—y) to enlargement Method II, it 
follows that an end-keeper with a component-table having three different parts/bights 
specifications can be enlarged by two enlargement processes only. 


Component-tables with two different parts/bights specifications. 
A component-table with only two parts/bights specifications will have the following 


make up: 
start transition index-number: end transition index-number: 

0 — y 

1 — yt+1 

2 —_— y+2 

z—-l-y — e-l=y+(re-1-y) 
cy — z=0 

z—ytil — 1 


t—yt(y—l1)=2-1 — y—1 
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Let the set of entries starting with the transition index-numbers 0 to s—1—y 
have the parts/bights specification p,/b;, and let the set of entries starting with the 
transition index-numbers z—y to «—1 have the parts/bights specification po/be. 


When p2/b2 is at a higher level in the RKT (see Pamphlet No. 4) than p/bi, then 
the entry s-y —+ z=0 can be written as f-y —> & — z=0. The part 
<t-—y —+ « has the parts/bights specification p;/b,, and the part ¢ —+ z=0 
represents the Method II enlargement-part of a Method II enlargement performed on 
the component s—1—-y —+ c-1l=y+t ( —1-y). Hence when this end-keeper 
undergoes an enlargement Method II (thus an enlargement Method II performed on 
component s—-1—y —+ x —1), its overall parts/bights specification 
{(2— y)pi + ypa}/{(2 — y)b: + yba} goes to 
{(@-y-1)pi + (yt 1)pa}/{(x — y —1)bi + (y + 1)b2}. Note that the parts/bights 
specification of the component s—-1—y —> 2-1 goes from pi/bi to po/be. 

When this end-keeper undergoes an enlargement Method I, thus an enlargement 
Method I performed on component s—y —> z= 0, then the enlargement of this 
component is accomplished by letting its end follow the string-run of component 0 —+ 
y. Consequently the parts/bights specification of component z—y —> z=0 goes from 
P2/bz to (p2+p1)/(b2+b1), and the overall parts/bights specification of the end-keeper 
goes from {(t—y)pi +ypa}/{(2—y)bi t+ yba} to {(z—y+1)pi +ypa}/{(c—y+1)bi +yba} 

There is still a further enlargement process available for this end-keeper, namely the 
enlargement process whereby the end of component s—-1—y —+ r—1 follows the 
string-run of component s—-1 —> y—1 (this is a further Method II enlargement (see 
Pamphlet No.4)). With this enlargement the parts/bights specification of component 
a—1l—y —+ 2-1 goes from p/b; to (p1 +p2)/by +62), and the overall parts/bights 
specification of the end-keeper goes from {(t — y)pi + ypa}/{(@ — y)b1 + yba} to 
{(2— y)pr + (y+ 1)p2}/{(@ — y)ba + (y + 1)bo}. 

When pi/b; is at a higher level in the RKT (see Pamphlet No. 4) than p2/b2, then 
the entry s—-1l-y —+ z-1= y+(—1—y) can be writtenas s—1—y —> 
z-1=-1=6-1 -—> w—-l=y+(e-1-y). 

The part s—1—y —+ z—1=-—1 has the parts/bights specification po/bz, and the 
part —1 —+ 2-1 represents the Method IJ enlargement-part of a Method I enlargement 
performed on the component s—y —+ z=0. Hence when this end-keeper undergoes 
an enlargement Method I (thus an enlargement Method I performed on component 
z—y —+ z =0), its overall parts/bights specification {(t—y)pit+ype}/{(x—y)bi +ybo} 
goes to {(e—y+1)pit+(y—1)pa} /{(e—y+ 1)b1 + (y—1)b2}. Note that the parts/bights 
specification of the component z — y — z=0 goes from p2/b2 to pi/b1. 

When this end-keeper undergoes an enlargement Method II, thus an enlargement 
Method II performed on component c—-1—y —+ g-—1, then the enlargement 
of this component is accomplished by letting its end follow the string-run of compo- 
nent c—-1 —+ y—1. Consequently the parts/bights specification of component 
z@—-1l—y —+ @—1 goes from pi/by to (Pi + p2)/(b1 + b2), and the overall 
parts/bights specification of the end-keeper goes from {(t—y)p, +ypo}/{(x—y)bi+-yba} 
to {(@— y)pa + (y + 1)pa}/{(w — y)br + (y + 1)bo}. 

There is still a further enlargement process available for this end-keeper, namely 
the enlargement process whereby the end of component 2 — y — z= 0 follows 
the string-run of component 0 —> y (this is a further Method I enlargement (see 
Pamphlet No.4)). With this enlargement the parts/bights specification of component 
T—y —> 2=0 goes from po/bz to (p2+p1)/b2 + b;), and the overall parts/bights 
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specification of the end-keeper goes from {(x — y)p1 + ypa}/ {(z — y)b1 + ybz2} to 
{(e@-y+1)p: + ypa}/{(a — y + 1)bi + ybo}. 


Hence an end-keeper which has a component-table with two different parts/bights 
specifications can be enlarged by three different enlargements. When Ppa/b2 is ata 
higher level in the RKT, then the end-keeper can be enlarged by two different Method 
II enlargements and one Method I enlargement. When p1/b; is at a higher level in the 
RKT, then the end-keeper can be enlarged by two different Method I enlargements and 
one Method II enlargement. 


Component-tables with only one parts/bights specification. 
A component-table with only one parts/bights specification will have the following 
make up: 


start transition index-number: end transition index-number: 
0 _ y=0 
1 —+ 1 
2 — 2 
e-l-y=s-1 — e-l=y+(ce-1-y) 


Let the parts/bights specification of the components be equal to pi/b,. An en- 
largement Method I process is associated with the component 0 —> y = 0. The 
new parts/bights specification of this enlarged component is the fundamental Method 
Tenlargement in the RKT of its original parts/bight specification. 

An enlargement Method II process is associated with the component s—1 —> 
z—1. The new parts/bights specification of this enlarged component is the fundamental 
Method II enlargement in the RKT of its original parts/bight specification. 

This are the only two enlargement processes which can be applied to this end-keeper 
since an enlargement by following the appropriate component does not exist. Such an 
enlargement would change the original overall parts/bights specification p/b = xp;/xb, 
to («+ 1)pi/(# + 1)b;. However, this new overall parts/bights specification needs at 
least (c+1) transition-points, which is one more than we got, hence such an enlargement 
is not possible. 
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DETERMINING THE ENLARGEMENT PATHS 


In order to know how a given p/b-endkeeper may be obtained by means of enlarge- 
ment processes, we have to know its various enlargement-paths from the trunk-node z/¢ 
to its node p/b. When suitable Enlargement Graphs are available, these enlargement- 
paths can be read from them after locating the node p/b in question. However, suitable 
Enlargement Graphs are often not available, or a suitable Enlargement Graph may not 
be extensive enough to contain the required node p/b. If no suitable Enlargement 
Graph is avaible, we either have to draw the appropriate part of one for the envisaged 
end-keeper, or calculate its enlargement-paths. 

It is in general much less cumbersome to read the various enlargement-paths for 
an end-keeper from an Enlargement Graph than to obtain them by means of manual 
calculation. However, in order to draw the appropriate part of an Enlargement Graph, 
we have to be thoroughly conversant with its general layout and hence construction 
process. Neither the manual calculation process nor the Enlargement Graph method 
give a proper overview of the various enlargement-paths available. In order to obtain 
such an overview, we have to assemble the various enlargement-paths in a suitable 
Enlargement-path table. The compiling of such a table from an Enlargement Graph 
is however rather cumbersome. The best overall solution is to obtain all the relevant 
details by means of a computer program, for which the calculation method of the various 
enlargement-paths is perfectly suited. At the same time such a computer program can 
assemble the Enlargement-path table. 

We shall first discuss, for an envisaged end-keeper, in general terms the construction 
of the appropriate part of an Enlagement Graph. Then we shall discuss the calcula- 
tion process for obtaining the various enlargement-paths, and finally we shall present a 
suitable Enlargement-path table. 


The construction of the appropriate part of an Enlargement Graph: 


We have already seen that a p/b-endkeeper with z transition-points is presented 
by the node p/b in the Enlargement Graph with root-node z/z. Since this end-keeper 
consists of « components, we can say that the node p/b consists of « components. We 
have also seen that among these x components there is/are: 

(1). Only one parts/bights specification ( only one type), or 
(2). Only two different parts/bights specifications (only two types), or 
(3). Only three different parts/ bights specifications (only three types). 


Each of these different component types is represented by a node in the RKT, and 
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these nodes all lie on the evolution-path from the trunk-node 1/1 to the largest node in 
the set. Thus an end-keeper is associated with only one of three types of evolution-paths 
in the RKT: 
(1*). A path in which the end-node only is 
associated with the components, or 
(2*). A path in which the end-node and one other node 
are associated with the components, or 
(3*). A path in which the end-node and two other nodes 
are associated with the components. 


In the case (2*): the other node is either adjacent to the end-node (case (2*a)), or 
it is the penultimate node on the penultimate branch (case (2*b)). 

In the case (3*): one of the other two nodes is adjacent to the end-node, and one is 
the penultimate node on the penultimate branch. 


The evolution-path in the RKT, associated with the end-keeper, is represented in its 
Enlargement Graph by the corresponding principal-path with its principal-nodes. 
The values of the principal-nodes are x the values of the corresponding nodes on the 
evolution-path in the RKT. 


On pg.98 is presented an end part of an Enlargement Graph for an end-keeper 
(x transition-points) in which the largest component specification has for example an 
evolution-vector (=path-formula) in the RKT of [-;-,-,-, -,3, 2,1], and corresponds 
with the principal-node A. 


The enlargement-paths for case (1), and hence (1*), are presented on pg. 99 by the 
thick lines along the principal-lines and the band-lines (there are (c — 1) lines in a 
band). 


The enlargement-paths for case (2*a) are presented on pg.100 by the thick lines 
along the principal-lines, the band-lines, and the appropriate thin solid lines along the 
principal-line and band-lines. The node representing the end-keeper lies on the thin 
solid principal line-segment between the principal-nodes A and B. 


The enlargement-paths for case (2*b) are presented on pg.101 by the thick lines 
along the principal-lines, the band-lines, and the appropriate thin solid lines along the 
principal-lines and the band-lines. The node representing the end-keeper lies on the 
thin solid principal line-segment between the principal-node A and the thick band-line 
to the extreme right of A. 


The enlargement-paths for case (3), and hence (3*), are presented on pg. 102 by the 
thick lines along the principal-lines, the band-lines, and the appropriate thin solid lines 
along the principal-lines and the band-lines. The node representing the end-keeper lies 
on one of the thin solid line-segments of the left-slanting band to the right of B. Note 
that it does not lie on the thin solid line-segment, along a principal-line, to the right of 
B. 


A similar set of part Enlargement Graphs for an end-keeper (x transition-points) in 
which the largest component specification has for example an evolution-vector (=path- 
formula) in the RKT of [-; -, -, -,3,2,1] are presented on pgs. 103— 107. 


99 


100 


102 


104 


105 


108 


The calculation of the enlargement-paths: 


We have already mentioned that the calculation procedures are often cumbersome 
when manually performed, and hence the desirability of performing these calculations 
with the aid of a suitable computer program. 


The calculation procedures are based on the various important properties of the 
component-tables, which are as follows: 


(1). A component-table can contain either one, two, or three different parts/bights 
specifications. 

(2). All components with identical parts/bights specifications are in the component- 
table adjacent. This means that their transition-points of string-entry are adjacent. 
(3). The g.c.d. (greatest common divisor) of the parts-value and bights-value of any 
end-keeper on the enlargement-path must be < x (equal or less than the number of 
transition-points). 

(4). The nodes in the RKT, representing the different parts/bights specifications of 
the components in the component-table, all lie on the same evolution-path from the 
trunk-node 1/1 to the node which represents the highest parts/bights specification. 
(5). When a component-table contains two different parts/bights specifications, then 
the nodes in the RKT representing them are either: 

(i) the two final nodes on the final branch of the evolution-path in the RKT, or 

(ii) the lower node is the penultimate node on the penultimate branch of the evolution- 
path in the RKT. 

Let the parts/bights specifications of the first set of components in the component- 
table be p:/b1 and of the second set be p2/b2. Then: 

(a) For (5i), when the final branch of the evolution-path in the RKT is a left-branch, 
then pi/; is higher in the tree than p2/bo. 

(b) For (5i), when the final branch of the evolution-path in the RKT is a right-branch, 
then p2/b2 is higher in the tree than pifby. 

(c) For (5ii), when the final branch of the evolution-path in the RKT is a left-branch, 
then p2/b2 is higher in the tree than p,/bj. 

(d) For (5ii), when the final branch of the evolution-path in the RKT is a right-branch, 
then pi/b; is higher in the tree than p/bo. 

(6). When acomponent-table contains three different parts/bights specifications, then 
the nodes in the RKT representing the two highest parts/bights specifications are the 
final two nodes on the final branch of the evolution-path, and the node which represents 
the lowest parts/bights specification is the penultimate node on the penultimate branch 
of the evolution-path. 

Let the parts/bights specifications for the first set of components be pi/b1, for 
the second set be p2/b2, and for the third set be p3/b3. Then po = (p1 + ps3) and 
ba = (b; + 63). Furthermore: 

(a) When the final branch of the evolution-path in the RKT is a left-branch, then 
ps/bs is higher in the tree than p,/by. 

(b) When the final branch of the evolution-path in the RKT is a right-branch, then 
pi/by is higher in the tree than p3/bs. 

(7). Only the components which exit in transition index-numbers 0 and (x—1) can 
be enlarged. 


(8). The component which exits in transition index-number 0 can be enlarged by an 
Enlargement Method I only. 
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(9). The component which exits in transition index-number (a —1) can be enlarged 
by an Enlargement Method II only. 

(10). The component which exits in transition index-number (2 — 1) will always be 
in the first set of parts/bights specification types. 

When there is only one set (all components have the same parts/bights specification), 
then the component which exits in transition index-number («—1) will always be the 
last component in the component-table. 

When there are two or three sets, then the component which exits in transition 

index-number (—1) will always be the last component in the first set of components 
in the component-table. 
(11). The component which exits in transition index-number 0 will always be in the 
last set of parts/bights specification types. Hence in the first set when there is only one 
set, in the second set when there are two sets, or in the third set when there are three 
sets. 

When there is only one set (all components have the same parts/bights specification), 
then the component which exits in transition index-number 0 will always be the first 
component in the component-table. 

When there are two or three sets, then the component which exits in transition 
index-number 0 will always be the first component in the last set of components in the 
component-table. 


From the above rules the following rules become self evident: 


(A). When for an end-keeper the parts/bights specifications of all the components 
in its component-table are identical, say p;/bi, then this end-keeper is either enlarged 
from: 

(i) an end-keeper of which the first component in its component-table has a 
parts/bights specification of (p1 — {Api},,)/(b1 — {Abi},;), and all other components 
in its component-table have the parts/bights specification pi/bi, or 

(ii) an end-keeper of which the last component in its component-table has a 
parts/bights specification of (pi: — {Ap:},)/(b1 — {Abi},), and all other components 
have the parts/bights specification pi/by. 

(B). When an end-keeper has two different parts/bights specifications, say pi/b; and 
p2/b2, where pi/b; and p2/b2 are respectively the component specifications of the first 
and second set of components in its component-table, then: 

(1) When pi/6; > p2/be, this end-keeper is either enlarged from: 

(i) an end-keeper of which the first component in its component-table has a 
parts/bights specification of (p1 — p2)/(bi — b2), while the parts/bights specifications of 
the other components in its component-table are identical to those in the component- 
table of the enlarged end-keeper, or 

(ii) an end-keeper of which the last component in the first set of components in its 
component-table has a parts/bights specification of p2/b2, while the parts/bights spec- 
ifications of the other components are identical to those in the component-table of the 
enlarged end-keeper. 

There is a special case here when the last component in the first set of components 
is the first component of this set. In this case this enlargement process only exists when 
P2/b2 is associated with the penultimate node on the evolution-path from the trunk- 
node 1/1 to the node p;/b; in the RKT. If this is not the case, then only the process 
under (i) exists. 
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(2) When p2/b2 > pi/bi, this end-keeper is either enlarged from: 

(i) an end-keeper of which the last component in the second set of components in 
its component-table has a parts/bights specification of (p2 — pi)/(b2 — 61), while the 
parts/bights specifications of the other components are identical to those in the 
component-table of the enlarged end-keeper, or 

(ii) an end-keeper of which the first component of the second set of components in 
its component-table has a parts/bights specification of pi/b1, while the parts/bights 
specifications of the other components are identical to those in the component-table of 
the enlarged end-keeper. 

There is a special case here when the first component in the second set of components 
is the last component of this set. In this case this enlargement process only exists when 
pi/b is associated with the penultimate node on the evolution-path from the trunk- 
node 1/1 to the node pa/bz2 in the RKT. If this is not the case, then only the process 
under (i) exists. 

(C). When an end-keeper has three different parts/bights specifications, say pi/b1, 
Pa/ba and ps/bs, where py/b1, p2/bz and ps3/bs are respectively the component spec- 
ifications of the first, second and third set of components in its component-table, then 
this end-keeper is either enlarged from: 

(i) an end-keeper of which the first component of the second set of components in 
its component-table has a parts/bights specification of pi/b:, while the parts/bights 
specifications of the other components are identical to those in the component-table of 
the enlarged end-keeper, or 

(ii) an end-keeper in which the last component of the second set of components in 
its component-table has a parts/bights specification of p3/b3, while the parts/bights 
specifications of the other components are identical to those in the component-table of 
the enlarged end-keeper. 


In order to obtain a clear overview of the above rules A, B, and C, we have presented 
them in component-table form on pg. 111. 

All the necessary calculations for establishing the various possible enlargement-paths 
from the trunk-node z/z to the end-keeper node p/b can readily be performed with 
the aid of these rules A, B, and C. 

An Example of such a calculation-process follows: 


Example: An end-keeper with p/b = 36/51, and «= 4. 
First we have to calculate the component-table of this end-keeper : 


36/51-ENDKEEPER — x=4 
0-36-21 -6-42-27-12-48-33-18-3 
1-37-22-7-43-28-13-49-34-19-4-40-25-10-46-31-16-1 |12/17 
2-38-23-8-44-29-14-50-35-20-5-41-26-11-47-32-17-2 | 12/17 
3-39-24-9-45-30-15-0 5/7 


Then we calculate with the aid of Euclid’s Algorithm the evolution-vector (path- 
formula) of the component with the largest parts/bights specification. This evolution- 
vector defines the evolution-path in the RKT from the trunk-node 1/1 to the node 
which represents the parts/bights specification in question. 
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END-KEEPER: ENLARGED FROM END-KEEPER: OR FROM END-KEEPER: 
Pi?) ———————+ ( p, - fap, J, 170, - (b,j, ) Pi 
H Pi7B, H 
1 n ' 
' H Pi?) 


Pi/b) ——____________._ p,/b, —__________.. ( p, -fap, $,)A( by -fab, j,) 


END-KEEPER: ENLARGED FROM END-KEEPER: OR FROM END-KEEPER!° 

P76, ——————____________, ( py - pe 0b, -b, ) Pi7b, 

1 1 ‘ 
; H ' Pi7dy 
Pi 7d, Pi7d, Pe/be 

7b, > po/| 

\ ' H 

Pe/be Pe/be Pe/be 


** WHEN ONLY THE FIRST COMPONENT HAS THE PARTS/BIGHTS SPECIFICATION p,/b, THIS CASE 
ONLY EXISTS WHEN Pe/bg IS ASSOCIATED WITH THE PENULTIMATE NODE ON THE EVOLUTION- 
PATH FROM THE TRUNK-NODE 1/1 TO THE NODE Pi7b, IN THE RKT. 


END-KEEPER: ENLARGED FROM END-KEEPER: OR FROM END-KEEPER: ° 
Pi7d, Pi7d, Pi7b, 
3 ! | 
Pi7by Pi7d, ' 
Pe/be Pe/be > Py7by 
| ! re 
Pe/bz + ( pe-py )( by-b, ) Pe/be 


ee WHEN ONLY THE LAST COMPONENT HAS THE PARTS/BIGHTS SPECIFICATION p,/b, THIS CASE 
ONLY EXISTS WHEN p,/b, [S ASSOCIATED WITH THE PENULTIMATE NODE ON THE EVOLUTION- 
PATH FROM THE TRUNK-NODE 1/1 TO THE NODE Pe/b, IN THE RKT. 


END-KEEPER: ENLARGED FROM END-KEEPER: OR FROM END-KEEPER: 
Pid Pi7by Pi7b, 
1 1 1 
\ ' ' 
Pid, ' Pi“) 
Pe/ be, ———________, p,/b, Pe/be 
Pe/be ' 

f 
i : Pe/be 
Pe/be Pe/be Ps/bs 
Pa/bs Ps/bs 
t ! 


Po/bs Pa’ p/bs 
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12/7 
7/10 
5/ 
—+ [0;1,2,2,1,1] — 374 
2/3 


EVOLUTION-VECTOR 172 


1/1 
EUCLID’S 
ALGORITHM EVOLUTION-PATH 


IN THE RKT 


According to the rules A, B, and C, the 36/51-endkeeper with its parts/bights spec- 


ifications 
7/10 


12/17 
12/17 
5/7 
at 
36/51 


has been enlarged from end-keepers with the parts/bights specifications: 


7/10 7/10 

7/10 12/17 
12/17 5/7 

8/7 8/7 
—— — 
31/44 29/41 


These in turn have been enlarged from: 


31/44 29/41 


———<——_—_— 
7/10 7/10 7/10 7/10 
7/10 7/10 7/10 5/7 


7/10 5/7 5/7 5/7 
5/7 5/7 5/7 5/7 
dd a =~ —— 
26/37 24/34 24/34 22/31 


These in turn have been enlarged from: 


26/37 24/34 22/31 
—_—_—_—O_eoCOC__ ———_ 
7/10 2/3 7/10 = 2/3 8/7 2/3 
7/10 7/10 5/7 7/10 5/7 5/7 
5/7 7/10 5/7 5/7 5/7 5/7 
5/7 5/7 5/7 5/7 5/7 5/7 


a =a —— ae ed “HY 
24/34 21/30 22/31 19/27 20/28 17/24 


113 


These have been enlarged from previous and the following ones: 


2/3 
7/10 
5/7 
5/7 


21/30 


=—_ 


19/27 


2/3 
2/3 
7/10 
5/7 


=SE_ 
16/23 


These have been enlarged from previous and the following ones: 


2/3 
2/3 
5/7 
5/7 


16/23 


we 
14/20 


2/3 
2/3 
2/3 
5/7 


sd 
11/16 


These have been enlarged from previous and the following ones: 


11/16 

~~ 

2/3 2/3 
2/3 2/3 
2/3 3/4 
3/4 3/4 
ed 
9/13 10/14 


These have been enlarged from previous and the following ones: 


9/13 
—_—_—_— 
2/3 2/3 
2/3 2/3 
2/3 2/3 
2/3 1/1 
ed ed 
8/12 7/10 


These have been enlarged from previous and the following ones: 


8/12 
1/2 2/3 
2/3 2/3 
2/3 2/3 
2/3 1fl 
we Ww 
7/11 7/10 


7] 
1/2 
2/3 
2/3 
1/1 


MY 
6/9 


19/27 17/24 20/28 
2/3 2/3 2/3 2/3 5/7 2/3 
5/7 2/3 5/7 2/3 5/7 5/7 
5/7 5/7 5/7 5/7 5/7 5/7 
5/7 5/7 3/4 5/7 3/4 5/7 
“ =“ “— “_— “ “ 
17/24 14/20 15/21 14/20 18/25 17/24 
14/20 15/21 18/25 
2/3 2/3 2/3 2/3 5/7 2/3 
2/3 2/3 5/7 2/3 5/7 5/7 
5/7 2/3 3/4 5/7 3/4 5/7 
3/4 5/7 3/4 3/4 3/4 3/4 
“_ “ “— “_— “— — 
12/17 11/16 13/18 12/17 16/22 15/21 
12/17 13/18 16/22 
rcs 
2/3 2/3 2/3 5/7 2/3 
2/3 3/4 2/3 3/4 5/7 
2/3 3/4 3/4 3/4 3/4 
3/4 3/4 3/4 3/4 3/4 
~~ “Ss — at “_ 
9/13 11/15 10/14 14/19 13/18 
10/14 11/15 14/19 
2/3 2/3 2/3 2/3 3/4 2/3 
2/3 2/3 2/3 3/4 3/4 3/4 
2/3 3/4 3/4 3/4 3/4 3/4 
3/4 1/1 3/4 1/1 3/4 3/4 
Ww ved ed nd ed ved 
9/13 8/11 10/14 9/12 12/16 11/15 
10 8/11 9/12 12/16 
2/3 2/3 2/3 2/3 2/3 2/3 3/4 
2/3 2/3 2/3 2/3 3/4 3/4 3/4 
1/1 2/3 1/1 3/4 1/1 3/4 3/4 
1/1 1/1 1/1 1/1 1/1 3/4 1/1 
“— “~_w SN ~_ ( ~~ MN 
6/8 7/10 6/8 8/11 7/9 11/15 10/13 
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These have been enlarged from previous and the following ones: 
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These have been enlarged from previous and the following ones: 
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These have been enlarged from previous and the following ones: 
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These have been enlarged from previous and the following ones: 


3/7 
ans 
0/1 
1/2 
1/2 
1/1 


wd 
3/6 


2/5 
0/1 
0/1 
1/1 
1/1 


“YH 
2/4 


0/1 
o/1 
0/1 
1/1 


1/4 


10/13 
2/3 3/4 
3/4 3/4 
3/4 if. 
1/1 1/1 
wel” 
9/12 8/10 

8/10 

2/3 3/4 
3/4 1/1 
1/1 1/1 
1/1 1/1 
“— “— 
79 6/7 
6/7 
oN 
0/1 2/3 
1/1 1/1 
1/1 1/1 
1/1 1/1 
“ “— 
3/4 5/6 
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A tabulated overview of the various enlargement-paths: 


Whether the various enlargement-paths are obtained from the appropriate part of an 
Enlargement Graph or by calculation, we still have no proper overview of these paths. 
Such an overview is however essential before it is possible to decide on the best way in 
which to braid the end-keeper concerned by means of successive enlargements. In order 
for the overview to be easily comprehensible, it should be in a graphical tabulated form, 
for example as presented below for the 36/51-endkeeper (z = 4). 


y 


Hitt 


/ 


Graphical overview of the enlargement-paths associated with a 36/51-endkeeper (ar = 4). 
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Although it is generally easier to draw the appropriate part of the Enlargement 
Graph than to calculate the various enlargement-paths, it is easier to assemble the 
information for a graphical overview from the calculation results rather than from the 
appropriate part of the Enlargement Graph. The best, and hence most convenient 
method is to calculate and graph the data concerned with the aid of a computer by 
means of suitable software. Such a computer program can be enhanced by a function 
which finds and records all possible paths from the end-keeper in question with a given 
coding to the smallest, coding-wise compatible, end-keeper with « transition points. A 
further analyzation function can be incorporated, which analyzes these various suitable 
enlargement-paths with respect to time-wise braiding efficiency. Since in general the 
braiding of end-keepers via enlargements is only of practical value when the end-keeper 
has a Casa-coding, these computer aided analyzation processes can be limited to such 
a coding arrangement. 


Let’s assume that this 36/51-endkeeper with « = 4 hasa Casa-coding, and that we 
intend to braid this end-keeper by means of the common Casa enlargement procedures 
of “track-laying” and “track-splitting”. It will readily be seen from the Enlargement- 
path table, that the smallest suitable end-keeper with which to start the enlargement 
processes is the 2/5 Casa-coded end-keeper. We can also start with the 4/5 Casa-coded 
end-keeper. There are no 4-bights, 6-bights, or other 5-bights Casa-coded end-keepers 
(with « = 4 transition-points) which can be enlarged by the common Casa enlargement 
procedures to the 36/51 Casa-coded end-keeper. 
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REGULAR MID-KEEPERS 


A regular mid-keeper is a Regular Cylindrical Braid with p-parts and b-bights, 
which at both bight-boundaries goes over into Flat Braids, whereby the flat braids are 
in line and of identical size with respect to their parts. If the Flat Braids have 2c 
parts each (hence are 2x lead Flat Braids), then the transitions between the Regular 
Cylindrical Braid and the Flat Braids are at adjacent “bight-points” of each of the 
two bight-boundaries of the Regular Cylindrical Braid; the two sets of 2 “bight-points” 
are in line. 


There are several’ methods by which regular mid-keepers can be braided, but before 
braiding can commence we have to know the valid numerical values of the variables z 
and p/b of the regular cylindrical braid involved. For convenience we have provided on 
pgs. 150 — 165 general string-run diagrams in which these numerical values are indicated 
for the more often encountered mid-keepers. A simple calculation method by which we 
can obtain all valid p/b-values associated with a set z-value will be discussed later. 
First we shall, by means of Examples, illustrate some of the several ways in which 
mid-keepers can be braided. 


The grid-diagrams on pg. 118 illustrate the construction steps of a Casa-coded 4[7- 
midkeeper with « = 3. The associated pictorial drawings are presented on pg. 119. 


The grid-diagrams on pg. 120 illustrate the construction steps of a Casa-coded 10/7- 
midkeeper with 2 = 3. The associated pictorial drawings are presented on pg. 121. 


The grid-diagrams on pg. 122 illustrate the construction steps of a Casa-coded 12/7- 
midkeeper with z = 3. The associated pictorial drawings are presented on pg. 123. 

The grid-diagrams on pgs. 124 & 125 illustrate the construction steps of a Casa-coded 
12/9-midkeeper with x = 3. 

The grid-diagrams on pg. 126 illustrate the construction steps of a Casa-coded 4/8- 
midkeeper with « = 4. The associated pictorial drawings are presented on pg. 127. 


The grid-diagrams on pg. 128 illustrate the construction steps of a Casa-coded 12/8- 
midkeeper with « = 4. The associated pictorial drawings are presented on pg. 129. 


The grid-diagrams on pg. 130 illustrate the construction steps of a Casa-coded 6/10- 
midkeeper with + = 4. The associated pictorial drawings are presented on pg. 131. 


The grid-diagrams on pg. 132 illustrate the construction steps of a Casa-coded 4/13- 
midkeeper with z = 5. The associated pictorial drawings are presented on pg. 133. 


The grid-diagrams on pg. 134 illustrate the construction steps of a Casa-coded 6/11- 
midkeeper with ¢ = 5. The associated pictorial drawings are presented on pg. 135. 


The grid-diagrams on pg. 136 illustrate the construction steps of a Casa-coded 6/12- 
midkeeper with x = 6. The associated pictorial drawings are presented on pg. 137. 


In some applications, where the mid-keeper is centrally placed with respect to the 
ends of the flat braids, it is much more convenient to start the braiding process from the 
centre of the mid-keeper. An example of this is given on pgs.138 and 139, where for a 
20/8-midkeeper the grid-diagrams show the consecutive braiding steps. The associated 
pictorial drawings are presented on pgs. 140 and 141. 
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Pictorial drawings associated with pg. 118. 
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Pictorial drawings associated with pg. 120. 
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Pictorial drawings associated with pg. 122. 


124 


BRAIDING DIRECTION 


f 

, 
IIIA 
CECE EY 
RY 
CEE EY) 
AN, 
ROA 


WIDELY, 


BRAIDING DIRECTION 


125 


126 


BRAIDING DIRECTION 


mM 


d GKKEK | 


Se 


BRAIDING DIRECTION 


127 


WA 
WAY 
\Y NWN, 


AR 


NNN 
VV 
WA 
WA 


4, 
MS 
A 


4, 


XX 


WCAG, 
, f/f 
Vp. Al / 
KY A d/o £) 
KSKYKVZ 
Y AY 2 


Pictorial drawings associated with pg. 126. 
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Pictorial drawings associated with pg. 128. 
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Pictorial drawings associated with pg. 130. 
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Pictorial drawings associated with pg. 132. 
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Pictorial drawings associated with pg. 134. 
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Pictorial drawings associated with pg. 136. 
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Pictorial drawings associated with pgs. 138 & 139. 
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Pictorial drawings associated with pgs. 138 & 139. 
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When the coding of the flat braids and the mid-keeper differ from a Casa-coding, 
special attention should be given to the design of an acceptable coding combination 
for the flat braids and the mid-keeper. Such a design can best be accomplished with 
the aid of a grid-diagram, since it is a simple matter to superimpose a coding on the 
string-run involved. For an aesthetically pleasing flat braid — mid-keeper combination, 
we will often require coding-transitions between them. These coding-transitions should 
be hidden from view, and hence should be placed in the mid-keeper between the flat 
braids. In contrast to the most common applications of end-keepers, we should be aware 
that in the application of mid-keepers the grain-side of the flat braid and the flesh-side 
of the cylindrical braid (or vice versa) are both in view. 


Below we have presented two Examples of good coding combinations with good 
coding-transitions for 6/12-midkeepers (c = 6). Their associated pictorial drawings 
outlining the consecutive braiding steps are presented on pgs. 143 and 144 respectively. 
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Pictorial drawings associated with pg. 142. 
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Pictorial drawings associated with pg. 142. 
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A further two Examples of good coding combinations together with 
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The reader is advised to study the 6/12-midkeeper (x = 6) diagrams on pg. 148 and 
the 8/14-midkeeper (x = 6) diagrams on pg. 149 where no coding-transitions have been 
used. With the codings used the results are that either the flat braid codin 


mid-keeper coding is lopsided. 


g or the 


As mentioned on pg. 117, the pages 150 to 165 inclusive present some general mid- 
keeper string-run diagrams in which are indicated for the cylindrical braids the valid 


p-values for given values of x and b. 
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Pictorial drawings associated with pg. 145. 
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Pictorial drawings associated with pg. 145. 
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Instead of indicating in general mid-keeper string-run diagrams the various valid 
values of the parameters, they can also readily and more conveniently be tabulated. 
These tabulations specify the various valid b-values associated with given values for x 
and p. The advantage of these tabulations is that the valid b-values can readily be 
calculated by using the following rules: 


(1). All valid p-values are even. 

(2). For even z-values, all valid b-values are even. 

(3). For odd s-values, all valid b-values are odd. 

(4). Fora given 2-value and p-value all valid b-values have g.c.d.(p,b) < a. 


(5). For a given z-value the smallest valid b-value is b = x, whereby any positive 
even integer is a valid p-value. 


6). Fora given z-value and p-value the greatest valid b-value in the range c < 6 < P 
( g & gi 
is: 


b= when p < 2z. 
b= (p—2) when p> 2z. 


(7). If (P = pi; B = 61) are valid values for a given z-value, then also 
(P = pi; B = (bi + pi)) are valid values. This is the case of bights-equivalency 
in Regular Cylindrical Braids. 


(8). If (P = pi; B = by) are valid values for a given z-value, then also 
(P = (pi + 2b1); B = b;) are valid values. This is the case of parts-equivalency 
in Regular Cylindrical Braids. 


(9). If (P = pi; B = by) are valid values for a given z-value, then also 
(P = (2b1 — p1) ; B = by) are valid values. 


We shall not waste space in presenting the proofs of the above rules since they are 
all more or less self evident. 


On pgs. 167 — 169 we have presented the tables for « = 2,0=3;27=4;¢2=5;2=6 
and « = 7. In each table are tabulated the valid b-values for each even p-value equal 
or less than 32. 


In order to show how the entries in a table for a specific z-value are obtained with 
the aid of the above rules, we shall take the table for z = 7 as an Example. Rule 2 tells 
us that we shall only find valid b-values for even p-values. Since x is odd it follows 
from rule 3 that valid b-values must be odd. 

For p= 2: 

b = 7 is a valid value (rule 5; rule 6); 6 = 9 is a valid value (rule 7); b = 11 is a valid 
value (rule 7); etc. 

For p= 4: 

5 = 7 is a valid value (rule 5; rule 6); 6 = 9 is not a valid value (rule 5 & 7); b= 11 
is a valid value (rules 5 & 7); b= 13 is not a valid value (rule 7); b = 15 is a valid value 
(rule 7); etc. 

For p=6: 

6 = 7 is a valid value (rule 5; rule 6); b = 9 is not a valid value (rules 5 & 7);b=11 
is not a valid value (rules 5 & 7); b = 13 is a valid value (rule 7); 6 = 15 is not a valid 
value (rule 7); etc. 


x= 2 
p=2: b=2,4,6,8, 10, 12,--- 
p=4: b=2,6, 10,14, 18, 22,--- 
p=6: b=2,4, 8,10, 14, 16, 20, 22, 26, --- 
p=8: b=2,6, 10, 14, 18, 22, 26, 30, 34,--- 
p=10: b=2,4, 6, 8,12, 14, 16, 18, 22, 24,--- 
p=12: b=2, 10, 14, 22, 26, 34, 38, 46, --- 
p=14: b=2,4, 6,8, 10, 12, 16, 18, 20, 22,--- 
p=16: b=2,6, 10, 14, 18, 22, 26, 30, 34, 38, --- 
p=18: b=2,4, 8,10, 14, 16, 20, 22, 26, 28, --- 
p= 20: b=2, 6, 14, 18, 22, 26, 34, 38, 42, 46, --. 
p=22: b=2,4,6,8,10,12, 14, 16, 18, 20, 24,--- 
p= 24: b=2, 10, 14, 22, 26, 34,--- 
p= 26: b=2, 4,6, 8,10, 12, 14, 16, 18, 20, 22, 24, 28,--- 
p= 28: b=2,6, 10, 18, 22, 26, 30, 34,--- 
p= 30: b=2, 4, 8, 14, 16, 22, 26, 28, 32, 34, --- 
p = 32: b=2,6, 10, 14, 18, 22, 26, 30, 34, 38, --- 
Xo: 
p=2: b=3,5,7,9,11,13,--- 
p=4: b=3,7,11, 15,19, 23,--- 
p=6: b=3,9, 15, 21, 27, 33, 39,--- 
p=8: b=3,5, 11,13, 19, 21, 27, 29, 35,--- 
p=10: b=3, 7, 13,17, 23, 27, 33, 37, 43, 47, --- 
p=12: b=3,5, 7,9, 15,17, 19, 21, 27, -:- 
p=14: b=3, 11,17, 25, 31, 39,--- 
p=16: b=3,7,9,13, 19, 23, 25, 29, 35, 39, --- 
p=18: b=3,5, 7,11, 13, 15, 21, 23, 25, 29,--- 
p= 20: b=3,9, 11,17, 23, 29, 31, 37, 43, 49, --- 
p= 22: b=3,5, 17,19, 25, 27, 39, --- 
p= 24: b=3,7,9,11, 13,15, 17, 21, 27, 31,--- 
p= 26: b=3,7, 11,15, 19, 23, 29, 33, 37,--- 
p= 28: b=3,5, 13, 15, 23, 25, 31, 33, 41,--- 
p=30: b=3,7,9, 11,19, 21, 23, 27, 33, 37,--- 
p= 32: b=3,5,7, 15,17, 25, 27, 29, 35, 37,--- 
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x=6 


I 


6,8, 10, 12, 14, 16, 18, 20, 
6,10, 14, 18, 22, 26, 30, 34, --- 
6, 12,18, 24, 30, 36, 

6, 14, 22, 30, 38, 46, 

6, 16, 26, 36, 46, 56, 

6, 18, 30, 42, 54, -- 

6,8, 20, 22, 34, 36, 48, --- 
6, 10, 22, 26, 38, 42, --- 
6 
6 
6 
6 
6 
6 
6 
6 


,8, 10, 12, 24, 26, 28, 30, 42, -- 
, 14, 26, 34, 46,--- 

, 10,12, 16, 28, 32, 34, --- 

, 10, 14, 18, 30, 34, 

, 12, 14, 20, 32, 38, 40, 

Le 34, 50, 62, -: 


b 
b 
b 
b 
b 
b 
b 
b 
2b 
b 
b 
b 
b 
b 
b 
b 


, 14, 18, 26, 38, 46, --- 


paws 


b=7,9, 11,13, 15, 17,19, ++ 
b=7, 11, 15, 19, 23, 27, 31, 
b=7,13, 19, 25, 31, 37, 43, --- 
b=7, 15, 23, 31, 39, 47,--- 

: b= 7,17, 27, 37, 47, 57, --- 

: b= 7, 19, 31, 43, 55, 

: b= 7, 21, 35, 49, 63, 

: b= 7,9, 23, 25, 39, 41, 

: b= 7,11, 25, 29, 43, 47, --- 

: b=7,9, 11, 13, 27, 29, 31, 33, 47, 49, --- 
: b= 7,15, 29, 37, 51, 59, --- 
b=7, 11, 13, 17, 31, 35, 37, 41, 
b=7, 11, 15, 19, 33, 37, 41, 

: b= 7,13, 15, 21, 35, 41, 43, 
b=7, 23, 37, 53, 67, 
b=7, 13,15, 17, 19, 25, 39, 45, 47, 


, 8, 12, 14, 16, 18, 22, 24, 36, 38, 42, --- 
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For p= 8: 

5 = 7 is a valid value (rule 5; rule 6); b = 9 is a not valid value (rules 5 & 7); 6 = 11 
is not a valid value (rules 5 & 7); 6 = 13 is not a valid value (rules 5 & 7); b = 15 isa 
valid value (rule 7); etc. 

For p= 10: 

b = 7 is a valid value (rule 5; rule 6); b = 9 is a not valid value (rule 6); b = 11 is 
not a valid value (rules 5 & 7); b = 13 is not a valid value (rules 5 & 7); b = 15 is not 
a valid value (rules 5 & 7); b = 17 is a valid value (rule 7); etc. 

For p= 12: 

b = 7 is a valid value (rule 5; rule 6); b = 9 is a not valid value (rule 6); b = 11 is 
not a valid value, (rule 6); b = 13 is not a valid value (rules 5 & 7); 6 =15 is not a 
valid value (rules 5 & 7); b = 17 is not a valid value (rules 5 & 7); b = 19 is a valid 
value (rule 7); etc. 

For p= 14: 

b = 7 is a valid value (rule 5; rule 6); b = 9 is a not valid value (rule 6); b = 11 is 
not a valid value (rule 6); 6 = 13 is not a valid value (rule 6); 6 = 15 is not a valid 
value (rules 5 & 7); b = 17 is not a valid value (rules 5 & 7); b = 19 is not a valid value 
(rules 5 & 7); 6 = 21 is a valid value (rule 7); etc. 

For p= 16: 

b= 7 is a valid value (rule 5; rule 8 since b = 7 is a valid value with p = 2); b = 9 is 
a valid value (rule 6; rule 9 since b = 9 is a valid value with p = 2); 6 = 11 is not a valid 
value (rule 6); b = 13 is not a valid value (rule 6); b = 15 is not a valid value (rules 5 
& 7); 6 = 17 is not a valid value (rules 5 & 7); b = 19 is not a valid value (rules 5 & 
7); 6 = 21 is not a valid value (rules 5 & 7); 6 = 23 is a valid value (rule 7); etc. 

For p= 18: 

b= 7 is a valid value (rule 5; rule 8 since b = 7 is a valid value with p= 4); b= 9 is 
not a valid value (rule 4); 6 = 11 is a valid value (rule 6; rule 9 since 6 = 11 is a valid 
value with p = 4); 6 = 13 is not a valid value (rule 6); 6 = 15 is not a valid value (rule 
6); b = 17 is not a valid value (rule 6); b = 19 is not a valid value (rules 5 & 7); b= 21 
is not a valid value (rules 5 & 7); b = 23 is not a valid value (rules 5 & 7); b= 25 isa 
valid value (rule 7); etc. 

For p= 20: 

b = 7 is a valid value (rule 5; rule 8 since 6 = 7 is a valid value with p=6);b=9 
is a valid value (rule 8 since 6 = 9 is a valid value with p = 2); 6 = 11 is a valid value 
(rule 9 since b = 11 is a valid value with p = 2); 6 = 13 is a valid value (rule 6; rule 9 
since b = 13 is a valid value with p = 6); 6 = 15 is not a valid value (rule 6); 6 = 17 
is not a valid value (rule 6); b = 19 is not a valid value (rule 6); 6 = 21 is not a valid 
value (rules 5 & 7); b = 23 is not a valid value (rules 5 & 7); b = 25 is not a valid value 
(rules 5 & 7); b = 27 is a valid value (rule 7); etc. 

For p = 22: 

b = 7 is a valid value (rule 5; rule 8 since 6 = 7 is a valid value with p =8);b=9is 
not a valid value (rule 8 since 6 = 9 is not a valid value with p=4);6=11is not a 
valid value (rule 4); 6 = 13 is not a valid value (rule 9 since b = 13 is not a valid value 
with p = 4); b = 15 is a valid value (rule 6); 6 = 17 is not a valid value (rule 6); b = 19 
is not a valid value (rule 6); b = 21 is not a valid value (rule 6); 6 = 23 is not a valid 
value (rules 5 & 7); 6 = 25 is not a valid value (rules 5 & 7); b = 27 is not a valid value 
(rules 5 & 7); b = 29 is a valid value (rule 7); etc. 
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For p= 24: : 

b = 7 is a valid value (rule 5; rule 8 since b = 7 is a valid value with p=10);b=9 is 
not a valid value (rule 8 since b = 9 is not a valid value with p = 6); 6 = 11 is a valid 
value (rule 8 since 6 = 11 is a valid value with p = 2); b = 13 is a valid value (rule 9 
since b = 13 is a valid value with p = 2); b = 15 is not a valid value (rule 9 since b = 15 
is not a valid value with p = 6); b = 17 is a valid value (rule 6); 6 = 19 is not a valid 
value (rule 6); = 21 is not a valid value (rule 6); b = 23 is not a valid value (rules 
6); 6 = 25 is not a valid value (rules 5 & 7); 6 = 27 is not a valid value (rules 5 & 7); 
b = 29 is not a valid value (rules 5 & 7); b = 31 is a valid value (rule 7); etc. 


And so on. 


For mid-keepers the various braiding methods so far discussed were all solely based on 
their grid-diagrams. This necessitated the drawing of a grid-diagram in its successive 
construction stages. This gives no doubt a good overview of the successive braiding 
stages and hence may be the most covenient braiding method for the beginner. It is, 
however, quite a time consuming approach, and consequently the more experienced 
braider would braid a mid-keeper by means of half-cycle algorithms instead. In order 
to enable him or her to do so, first such half-cycle algorithms will have to be worked 
out. The most convenient way to do this is via the intersection colum-numbers of each 
half-cycle. 

The bights of the cylindrical mid-keeper part and transition-points between this 
part and the flat braids on both the left and right-hand boundaries are numbered in 
successive order (index-numbers). The index-number of a bight or transition-point on 
the right-hand boundary is identical to the index-number of its left-hand counter part 
on the same cylinder generating line. In the uppermost grid-diagram on pg.172 the 
successive numbering on the left-hand boundary only is shown. It is assumed that the 
overall braiding direction is from left to right, hence after reaching (while braiding the 
flat braid) the left-hand boundary of the cylindrical mid-keeper braid, this cylindrical 
mid-keeper braid will be braided string by string. Since we have z transition-points 
(in the Example on pg.172 the value of « is 4, and hence the transition-points are 
numbered 0,1,2 and 3), we have 2z strings. First the successive from lower-left to 
upper-right running strings entering the successive numbered left-hand transition-points 
are braided, then the successive from upper-left to lower-right running strings entering 
the successive left-hand transition-points are braided. Each of these successive braiding- 
stages are depicted in the successive string-run diagrams on pg.172. It should be noted 
that in actual practice these successive string-run diagrams are not drawn (they are here 
only presented in order to explain the calculation procedure), instead their successive 
half-cycle begin and end-points only are written down. When we denote the begin-point 
of a half-cycle by I, and its end-point by J,, then: 

For the first set of ¢ strings (each string with a half-cycle running from lower-left 
. to upper-right, followed by a half-cycle from lower-right to upper-left, etc) : 


I. = |: ot rl 
For the second set of 2 strings (each string with a half-cycle running from upper-left 
to lower-right, followed by a half-cycle from upper-right to lower-left, etc): 


cas le i al, 
The successive half-cycles of the two sets of 2 = 4 strings in the Example on pg. 172 
are therefore: 
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Or -—7r—4z—I1Rr 
1, —8r—5;, —2p 
2, —9rR —6, —3R 
3, —OR 
and 
Or —3R 
lz —4r—7,—OR 
2, —5r—8,-—1R 
3, —6r—91,—2R 


In the above, the subscript ‘L’ indicates the left-boundary while the subscript ‘R’ 
indicates the right-boundary of the cylindrical mid-keeper braid. 


In order to formulate the rules with which the intersection column-numbers associ- 
ated with a half-cycle are determined, we introduce the following notations: 


For the first set of x strings (for which the left to right half-cycles run from lower 
left to upper right, and the right to left half-cycles run from lower right to upper left), 
Jj; with ¢ =0,1,2,---,(e—1) and j =1,2,3,---, f is the index-number where a half- 
cycle begins, or ends, or where one half-cycle ends and the next half-cycle begins. Hence 
for j = odd the index numbers are on the left-hand boundary, and for j = even they 
are on the right-hand boundary of the cylindrical mid-keeper braid. Furthermore, Jj 
is the transition index-number (on the left boundary) where string i enters, from the 
left, the cylindrical mid-keeper braid and runs from lower-left to upper-right; I; is the 
transition index-number (on the right boundary) where string ¢ leaves the cylindrical 
mid-keeper braid and runs from lower-left to upper-right (note that f is even). Also 
note that a string has (f —1) half-cycles, and since f is even, a string has therefore 
an odd number of half-cycles. 


For the second set of « strings (for which the left to right half-cycles run from 
upper left to lower right, and the right to left half-cycles run from upper right to lower 
left), Ii-j+ with #* = 0,1,2,---,(@—1) and j* = 1,2,3,---,f* is the index-number 
where a half-cycle begins, or ends, or where one half-cycle ends and the next half-cycle 
begins. Hence for j* = odd the index numbers are on the left-hand boundary, and for 
j* = even they are on the right-hand boundary of the cylindrical mid-keeper braid. 
Furthermore, J;-;- is the transition index-number (on the left boundary) where string 
4* enters from the left, the cylindrical mid-keeper braid and runs from upper-left to 
lower-right; Jj-- is the transition index-number (on the right boundary) where string 
i* leaves the cylindrical mid-keeper braid and runs from upper-left to lower-right (note 
that f* is even). Again, a string has (f*—1) half-cycles, and since f* is even, a string 
has therefore an odd number of half-cycles. 

Note that for 7* =1, and j* = j, transition index-number Jj; = Ij+;+. 

The following rules for the intersection column-numbers of a half-cycle should be 
fairly well self evident: 

(1). The intersection column-numbers of a half-cycle which begins in transition index- 
number J;;, where 7 = odd, are obtained with the formula: 
|-Ciz — Iea)|, + 2b <p, where 


d= odd; d= odd; 
fr eci{asdshe—1, br oni{oeasi; 
n=0,1,2,-::. n=0,1,2,-". 
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(2). The intersection column-numbers of a half-cycle which begins in transition index- 
number J;;, where j = even, and j < f;, are obtained with the formula: 
|-(ij - Tea)|, +nb<p, where 


d= even; d= even; 
fr oxi { 2S d's fe for c=iq2<d<j; 
n=0,1,2,---. n=0,1,2,---. 
Note that the half-cycle which begins in transition index-number Jo; has a free run, 
and that there are no half-cycles which begin in transition index-numbers Siz. 
(3). The intersection column-numbers of a half-cycle which begins in transition index- 
number J;-;-,-where j* = odd, are obtained with the formulae: 
lisj+ — Teal, tnb<p, 
\ixj+ —Iceae|, +nb<p; where 


unio ee d? = odd; Ceres 
l<d<f,-1; fre <i 8S Sfe.—1) fr cae lasesi; 
i beatae as n=0,1,2,---. n=0,1,2,---. 
n=0,1,2,-"". 


(4). The intersection column-numbers of a half-cycle which begins in transition index- 
number Jj+;-, where j* = even, and j* < f%., are obtained with the formulae: 

|Tixj- = cdl, +nb <p, 

|Ti-j» —TIexa+|, +nb<p; where 


O<ce<2e-1; 


d= even; d* = even; d* = even; 
Ge deh tr ccr face sie; tr cnrlasees 

& ©) n=0,1,2,---. n=0,1,2,---. 
n=0,1,2,---. 


In the grid-diagrams the intersection column-numbers calculated in accordance with 
the above formulae are read from left to right for the left to right half-cycles, and the 
intersection column-numbers for the right to left half-cycles are read from Tight to left. 


Thus for our Example on pg. 172 we obtain for the successive half-cycles the following 
intersection column-numbers : 


hoi => Oz —> Te Free run. 

hon =7r —+ 44: 10. 

hos = 45 —+ 1p: 10. 

Ayy =1z —> 8p: 3,13. 

hyo => 8R —> 513 : 9, 3, 13, 10. 

hig = 5, —> 2p: 9,10. 

hay = 2, —+ 9p: 2,12,3,13. 

haa =9r —> 6,: 8,2,12,9,3, 13,10. 

hos = 6, —+ 3p: 8,9,10. 

h31 = 3, —> Op: 1,11,2,12,3,13. 
ho-1> = Oz —+ 3p: 10,6,9,5,8, 4, 7. 
havas =1_ —> 4p: 1,11,7,10,6,9,5,8. 
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hy-o = 4R —> Tz: 7,6,5,1,11,10. 

his3e = 7, —> Op: 7,3, 13,6, 2,12, 5, 1,11, 4, 10. 
horas = 2p —> 5p: 2,12,8,1,11,7,10,6,9,5. 

horoe = 5 —> 8z: 8,7,6,2,12,1, 11,5, 10. 

hos = 8; —> 1p: 8,4,7,3, 13,6, 2,12,5, 1,11, 10. 
haa» = 3, —> 6p: 3,13,9, 2,12, 8,1,11, 7,10, 6,5. 
h3+ax = 6x —> 97: 9,8,7,3,13, 2,12, 6,1, 11,5, 10. 
hs+3 =9, —> 2p: 9,5,8,4, 7,3, 13,6, 2,12, 1,11, 10. 


After arranging the intersection column-numbers in ascending order, we obtain: 
hor =O, —> Tr: Free run. 


hse = 6p 9,: 1,2,3,5,6, 7,8, 9, 10, 11, 12,13. 


2p: 1,2,3,4,5,6, 7,8, 9, 10, 11, 12,13. 


hoa = TR op 4, : 10. 
hos = 44 —> 1p: 10. 
hyy => 1p > 8R: 3,13. 
hig = 8R ja 513 : 3, 9, 10, 13. 
hig => 513 —- 2R: 9, 10. 
haa =2, — OR: 2,3, 12, 13. 
haz =9r —> 6,: 2,3,8,9,10,12, 13. 
hag = 6, —> 3p: 8,9,10. 
hi =3, — Or: 1,2, 3, 11,12, 13. 
hovas =0, —> 3p: 4,5,6,7,8,9, 10. 
hieas =1z, —+ 4x: 1,5,6,7,8,9,10, 11. 
hiege = 4ez —> 7z: 1,5,6,7,10, 11. 
his3e = 7, —> Or: 1, 2,3, 4, 5, 6, 7, 10, 11, 12, 13. 
horas = 2, —> 5p: 1,2,5,6,7,8,9, 10,11, 12. 
hogs = 5R —> 8z: 1,2,5,6,7,8,10, 11,12. 
ha-ge = 8, —+ 1p: 1,2,3,4,5,6, 7, 8,10, 11,12, 13. 
hg-1- = 3, —+ 6p: 1,2,3,5,6, 7,8, 9, 10, 11, 12, 13. 
— 
—> 


As-3- = 91 


The intersection column-numbers can now for each half-cycle be converted into their 
corresponding coding in accordance with the coding of the grid-diagram. 
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